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(57) ABSTRACT 

A semiconductor light emitting device made of nitride III-V 
compound SemiconductorS is includes an active layer made 
of a first nitride III-V compound Semiconductor containing 
In and Ga, Such as InGaN, an intermediate layer made of a 
Second nitride III-V compound Semiconductor containing In 
and Ga and different from the first nitride III-V compound 
Semiconductor, Such as InGaN, and a cap layer made of a 
third nitride III-V compound Semiconductor containing Al 
and Ga, Such as p-type AlGaN, which are deposited in 
Sequential contact. 
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SEMICONDUCTOR LIGHT EMITTING DEVICE, 
ITS MANUFACTURING METHOD, 

SEMCONDUCTOR DEVICE AND ITS 
MANUFACTURING METHOD 

RELATED APPLICATION 

0001. This application is a continuation of PCT Applica 
tion No. PCT/JPO1/11536 filed Dec. 27, 2001, which claims 
priority to Japanese applications Nos. P2000-401998 filed 
Dec. 28, 2000, and P2001-271947 filed Sep. 7, 2001, all of 
which are incorporated herein by reference to the extent 
permitted by law. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a semiconductor light 
emitting device and a manufacturing method thereof, as well 
as a Semiconductor device and a manufacturing method 
thereof, especially Suitable for applications to Semiconduc 
tor lasers, light emitting diodes or electron transporting 
devices made by using nitride III-V compound Semiconduc 
torS. 

0003) Semiconductor lasers made of AlGanN or other 
nitride III-V compound Semiconductors are under active 
researches and developments as Semiconductor lasers 
capable of emitting light from the blue region to the ultra 
Violet region required for enhancing the density of optical 
discs. 

0004 Japanese Patents No. 2780691 and 2735057 dis 
close Semiconductor lasers using nitride III-V compound 
Semiconductors. A Semiconductor laser disclosed by the 
former patent is made of nitride Semiconductors containing 
In and Ga, and includes an active layer of a quantum well 
Structure having first and Second Surfaces, an n-type nitride 
Semiconductor layer made of InGaN (0s x<1) in contact 
with the first Surface of the active layer, and a p-type nitride 
semiconductor layer made of AlGaN (0<y<1) in contact 
with the Second Surface of the active layer. A Semiconductor 
laser disclosed by the latter patent is made of nitride Semi 
conductors containing In and Ga, and includes an active 
layer having first and Second Surfaces, a p-type contact layer 
made of p-type GaN adjacent the Second Surface of the 
active layer, and a first p-type clad layer made of a p-type 
nitride Semiconductor containing In and Ga between the 
Second Surface of the active layer and the p-type contact 
layer and having a band gap energy larger than that of the 
active layer Such that the first p-type clad layer is in direct 
contact with the Second Surface of the active layer. 
0005. When the Inventor actually fabricated a semicon 
ductor laser using the technique disclosed by the former 
Japanese Patent No. 2780691 for the research purposes, the 
laser exhibited a high initial deterioration rate in its life test 
and a tendency of gradually increasing in operation current 
with time. Additionally, remarkably uneven electrolumines 
cent emission of light was observed. 
0006 A semiconductor laser experimentally fabricated 
by using the technique disclosed by the latter Japanese 
Patent No. 2735057 exhibited a still remarkable increase of 
the initial deterioration rate. 

0007. It is therefore an object of the invention to provide 
a semiconductor device made of nitride III-V compound 
Semiconductors, having a Sufficiently low initial deteriora 
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tion rate and a long lifetime, and remarkably reduced in 
change with time of the operation current and in emission 
unevenness, as well as a method capable of easily manu 
facturing Such a Semiconductor light emitting device. 
0008 More generally, an object of the invention is to 
provide a semiconductor device made of nitride III-V com 
pound Semiconductors, elongated in lifetime and remarkably 
reduced in change with time, as well as a method capable of 
easily manufacturing Such a Semiconductor device. 
0009. A further object of the invention is to provide a 
semiconductor light emitting device made of nitride III-V 
compound Semiconductors, elongated in lifetime by 
improvement of the crystalline quality of its optical 
waveguide layer, additionally exhibiting high Symmetry of 
intensity distribution of light in far-field images especially in 
case of a Semiconductor laser, and capable of reducing the 
aspect ratio of the radiation angle (beam divergence angle), 
as well as a method capable of easily manufacturing Such a 
Semiconductor light emitting device. 
0010 More generally, the further object of the invention 
is to provide a semiconductor device made of nitride III-V 
compound Semiconductors, elongated in lifetime and having 
favorable properties, as well as a method capable of easily 
manufacturing Such a Semiconductor device. 

SUMMARY OF THE INVENTION 

0011 To solve the above-discussed problems, the Inven 
tor made researches with all efforts. Outline thereof is 
explained below. 
0012 For manufacturing a semiconductor laser using 
nitride III-V compound Semiconductors, in general, for the 
purpose of preventing deterioration of its active layer by 
elimination of In or preventing overflow of electrons 
injected into the active layer in the process of growing a 
p-type optical guide layer or a p-type clad layer on the active 
layer of InCaN, or the like, at a high growth temperature 
around 1000 C., the active layer is first grown, then an 
approximately 20 nm thick cap layer of p-type AlGaN 
having Al composition as high as approximately 0.2 is next 
grown at the same temperature as the active layer, and a 
p-type optical guide layer ad a p-type clad layer are grown 
at a raised growth temperature. However, according to the 
knowledge of the Inventor, although this structure certainly 
prevents deterioration of the active layer by elimination of 
In, a large difference in lattice constant between the cap layer 
and the active layer causes generation of a large StreSS in the 
active layer in contact with the cap layer, and this invites 
deterioration of the active layer. Furthermore, although Mg 
is typically used as the p-type dopant of p-type layers, 
diffusion of Mg from the p-type layers into the active layer 
also causes deterioration of the active layer. 
0013 Through various experiments, the Inventor has 
found that these problems can be overcome simultaneously 
by interposing a nitride III-V compound Semiconductor 
layer containing In and Ga, Such as InGaN, between the 
active layer and the cap layer. 
0014. After further researches, the Inventor has also 
found that, in case a nitride III-V compound Semiconductor 
containing In, Such as InGaN, is grown while the flow rate 
of In Source material is maintained in the Same level after 
growth of the uppermost barrier layer of the active layer 
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having a multi-quantum well Structure, quantity of In can be 
adequately controlled at the growth temperature. Thus, by 
using it upon growing Such a nitride III-V compound Semi 
conductor containing In, Such as InGaN, Since the growth 
temperature can be raised during the growth and the cap 
layer can therefore be grown at a raised growth temperature 
to improve the crystalline quality, the cap layer can be 
reduced in thickness or can be even omitted in the ultimate 
case exclusively from the viewpoint of preventing elimina 
tion of In from the active layer. 
0.015. On the other hand, as to the position where the cap 
layer should be located in the laser Structure, namely 
between the active layer and the p-type clad layer, there Still 
remains room for improvement. Under the Situation, the 
Inventor made efforts to optimize the position of the cap 
layer while taking account of assuring design choice, and 
has found Some optimum positions from the Viewpoints of 
improving the crystalline quality of the optical guide layer 
and improving Symmetry of intensity distribution of light in 
far-field images. Furthermore, the Inventor has found vari 
ous advantages when the aforementioned nitride III-V com 
pound Semiconductor layer containing In and Ga, Such as 
InGaN, is provided in contact with the active layer in 
addition to optimizing the position of the cap layer. 
0016 Although these expedients were confirmed to be 
effective in semiconductor lasers, they must be effective for 
all Semiconductor devices including light emitting diodes 
and electron transporting devices Such as transistors as far as 
they have similar layer Structures. 
0.017. The present invention has been accomplished as a 
result of further researches progressed by the Inventor from 
the above-explained knowledge. 
0.018 That is, according to the first of the invention to 
Solve the above-indicated issues, there is provided a Semi 
conductor light emitting device comprising: 

0019 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0020 an intermediate layer in contact with the 
active layer and made of a second nitride III-V 
compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semi 
conductor; and 

0021 a cap layer in contact with the intermediate 
layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga. 

0022. According to the second aspect of the invention, 
there is provided a Semiconductor light emitting device 
comprising: 

0023 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0024 an intermediate layer in contact with the 
active layer and made of a second nitride III-V 
compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semi 
conductor; and 

0025 a cap layer in contact with the intermediate 
layer and made of a fifth nitride III-V compound 
Semiconductor containing Ga to be used as an optical 
guide layer or a clad layer. 

Mar. 25, 2004 

0026. According to the third aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; and a cap layer in contact with 
the intermediate layer and made of a third nitride III-V 
compound Semiconductor containing Al and Ga, compris 
Ing: 

0027 growing the intermediate layer while raising 
the growth temperature after growing the active 
layer. 

0028. According to the fourth aspect of the invention, 
there is provided a manufacturing method of a Semiconduc 
tor light emitting device including an active layer made of a 
first nitride III-V compound Semiconductor containing. In 
and Ga; an intermediate layer in contact with the active layer 
and made of a Second nitride III-V compound Semiconduc 
tor containing In and Ga and different from the first nitride 
III-V compound Semiconductor; and a cap layer in contact 
with the intermediate layer and made of a fifth nitride III-V 
compound Semiconductor containing Ga to be used as an 
optical guide layer or a clad layer, comprising: 

0029 growing the intermediate layer while raising 
the growth temperature after growing the active 
layer. 

0030. According to the fifth aspect of the invention, there 
is provided a Semiconductor device comprising: 

0031 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0032 an intermediate layer in contact with the layer 
made of the first nitride III-V compound semicon 
ductor, and made of a Second nitride III-V compound 
Semiconductor containing In and Ga and different 
from the first nitride III-V compound semiconductor; 
and 

0033 a cap layer in contact with the intermediate 
layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga. 

0034. According to the sixth aspect of the invention, 
there is provided a Semiconductor device comprising: 

0035 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0036) an intermediate layer in contact with the layer 
made of the first nitride III-V compound semicon 
ductor, and made of a Second nitride III-V compound 
Semiconductor containing In and Ga and different 
from the first nitride III-V compound semiconductor; 
and 

0037 a p-type layer in contact with the intermediate 
layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga. 

0038 According to the seventh aspect of the invention, 
there is provided a manufacturing method of a Semiconduc 
tor device including a layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; an inter 
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mediate layer in contact with the layer made of the first 
nitride III-V compound Semiconductor, and made of a 
Second nitride III-V compound Semiconductor containing. In 
and Ga and different from the first nitride III-V compound 
Semiconductor; and a cap layer in contact with the interme 
diate layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga, comprising: 

0039) growing the intermediate layer while raising 
the growth temperature after growing the layer made 
of the first nitride III-V compound semiconductor. 

0040 According to the eighth aspect of the invention, 
there is provided a manufacturing method of a Semiconduc 
tor device including a layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; an inter 
mediate layer in contact with the layer made of the first 
nitride III-V compound Semiconductor, and made of a 
Second nitride III-V compound Semiconductor containing. In 
and Ga and different from the first nitride III-V compound 
Semiconductor; and a p-type layer in contact with the 
intermediate layer and made of a third nitride III-V com 
pound Semiconductor containing Al and Ga, comprising: 

0041 growing the intermediate layer while raising 
the growth temperature after growing the layer made 
of the first nitride III-V compound semiconductor. 

0042. In the present invention, the fist nitride III-V com 
pound Semiconductor containing In and Ga as well as the 
Second nitride III-V compound Semiconductor may addi 
tionally contain Al or B, for example, as a group III element 
other than In and Ga, and may contain AS or P as a group V 
element. The third nitride III-V compound semiconductor 
containing Al and Ga may contain In or B, for example, as 
a group III element other than Al and Ga, and may contain 
As or P as a group V element. The fourth nitride III-V 
compound Semiconductor containing Ga as well as the fifth 
nitride III-V compound Semiconductor may contain In, Al or 
B, for example, as a group III other than Ga, and may 
contain AS or P, for example, as a group V element. 
0043. The second nitride III-V compound semiconductor 
composing the intermediate layer is typically InGaN 
(where 0s x<1). The intermediate layer is typically 
undoped, and normally of an n-type. The third III-V com 
pound Semiconductor composing the cap layer is typically 
AlGaN (where 0sy<1). Thickness of the cap layer is 
preferably equal to or more than 2 nm to ensure a Sufficient 
effect by the use of the cap layer. However, if the cap layer 
is excessively thick, the crystalline quality deteriorates in 
Some kinds of composition. To prevent it, thickness of the 
cap layer is preferably limited not to exceed 10 nm. When 
the device includes the p-type layer in contact with the cap 
layer and made of the fourth nitride III-V compound semi 
conductor, the fourth III-V compound Semiconductor com 
posing the p-type layer may be, for example, GaN or 
In GaN (where 0sz<1). 
0044) The active layer made of the first nitride III-V 
compound Semiconductor, or the layer made of the first 
nitride III-V compound Semiconductor, typically has a 
multi-quantum well Structure including well layers and 
barrier layers. In this case, composition of In in the inter 
mediate layer is equal to or Smaller than the In composition 
of the barrier layers. Various kinds of distribution of the In 
composition are acceptable. If the intermediate layer is 
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grown while the growth temperature is gradually raised, the 
intermediate layer can be formed to gradually decrease in 
composition of In toward its portion remotest from the 
active layer or the layer made of the first nitride III-V 
compound Semiconductor. Quantity of In contained in the 
intermediate layer is typically equal to or less than 5x10' 
cm. Thickness of the intermediate layer is determined such 
that the intermediate layer can effectively prevent deterio 
ration of the active layer or the layer made of the first nitride 
III-V compound Semiconductor, in accordance with its com 
position Selected. Typically, the thickness is controlled to be 
equal to or more than 8 nm, and preferably to be equal to or 
more than 10 nm. 

004.5 The p-type layer composed of the fourth nitride 
III-V compound Semiconductor typically contains a quantity 
of In controlled in the range not less than 1x10'7 cm and 
not more than 5x10' cm. 

0046) Any of various kinds of Substrates may be used to 
grow the nitride III-V compound Semiconductors thereon. 
For example, a Sapphire Substrate, SiC Substrate, Si Sub 
strate, GaAs Substrate, GaP Substrate, GaP Substrate, InP 
Substrate, Spinel Substrate or Silicon oxide Substrate may be 
used. A substrate in form of a thick GaN layer or other 
nitride III-V compound semiconductor can be used as well. 
0047 For growth of the nitride III-V compound semi 
conductors, any appropriate technique Such as metal organic 
chemical vapor deposition (MOCVD), hydride vapor phase 
epitaxial growth or halide vapor phase epitaxial growth 
(HVPE), for example, may be used. 
0048. The semiconductor device may be a light emitting 
device Such as a Semiconductor laser or a light emitting 
diode, or an electron transporting device Such as FET or a 
heterojunction bipolar transistor. 
0049 According to the ninth aspect of the invention, 
there is provided a Semiconductor light emitting device 
comprising: 

0050 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0051 an optical guide layer in contact with the 
active layer and made of a sixth nitride III-V com 
pound Semiconductor containing Ga; 

0052 a cap layer in contact with the intermediate 
layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga.; and 

0053 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0054 According to the 10th aspect of the invention, there 
is provided a Semiconductor light emitting device compris 
ing: 

0055 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0056 an intermediate layer in contact with the 
active layer and made of a second nitride III-V 
compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semi 
conductor; 
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0057 an optical guide layer in contact with the 
intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga; 

0058 a cap layer in contact with the optical guide 
layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga.; and 

0059 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0060 According to the 11th aspect of the invention, there 
is provided a Semiconductor light emitting device compris 
ing: 

0061 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0062) a first optical guide layer in contact with the 
active layer and made of an eighth nitride III-V 
compound Semiconductor containing Ga; 

0063 a cap layer in contact with the first optical 
guide layer and made of a third nitride III-V com 
pound Semiconductor containing Al and Ga; 

0064 a second optical guide layer in contact with 
the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga; and 

0065 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0.066 According to the 12th aspect of the invention, there 
is provided a Semiconductor light emitting device compris 
ing: 

0067 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0068 an intermediate layer in contact with the 
active layer and made of a second nitride III-V 
compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semi 
conductor; 

0069 a first optical guide layer in contact with the 
intermediate layer and made of an eighth nitride 
III-V compound Semiconductor containing Ga; 

0070 a cap layer in contact with the first optical 
guide layer and made of a third nitride III-V com 
pound Semiconductor containing Al and Ga; 

0071 a second optical guide layer in contact with 
the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga; and 

0072 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0073. According to the 13th aspect of the invention, there 
is provided a Semiconductor light emitting device compris 
ing: 
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0074 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0075 a first optical guide layer in contact with the 
active layer and made of an eighth nitride III-V 
compound Semiconductor containing Ga; 

0076 a cap layer in contact with the first optical 
guide layer and having a Superlattice Structure in 
which barrier layers are made of a third nitride III-V 
compound Semiconductor containing Al and Ga; 

0077 a second optical guide layer in contact with 
the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga.; and 

0078 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0079 According to the 14th aspect of the invention, there 
is provided a Semiconductor light emitting device compris 
ing: 

0080 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0081 an intermediate layer in contact with the 
active layer and made of a second nitride III-V 
compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semi 
conductor, 

0082 a first optical guide layer in contact with the 
intermediate layer and made of an eighth nitride 
III-V compound Semiconductor containing Ga; 

0083) a cap layer in contact with the first optical 
guide layer and having a Superlattice Structure in 
which barrier layers are made of a third nitride III-V 
compound Semiconductor containing Al and Ga; 

0084 a second optical guide layer in contact with 
the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga.; and 

0085 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0086 According to the 15th aspect of the invention, there 
is provided a Semiconductor light emitting device compris 
ing: 

0087 an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0088 an optical guide laver in contact with the p gll y 
active layer and made of a sixth nitride III-V com 
pound Semiconductor containing Ga; 

0089 a cap layer in contact with the optical guide 
layer and having a Superlattice Structure in which 
barrier layers are made of a third nitride III-V 
compound Semiconductor containing Al and Ga; and 

0090 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
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Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0.091 According to the 16th aspect of the invention, there 
is provided a Semiconductor light emitting device compris 
ing: 

0092) an active layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; 

0093 an intermediate layer in contact with the 
active layer and made of a second nitride III-V 
compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semi 
conductor; 

0094) an optical guide layer in contact with the 
intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga; 

0095 a cap layer in contact with the optical guide 
layer and having a Superlattice Structure in which 
barrier layers are made of the third nitride III-V 
compound Semiconductor containing Al and Ga; and 

0096 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0097 According to the 17th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and made of a third nitride III-V compound semicon 
ductor containing Al and Ga.; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0098 growing the active layer, the optical guide 
layer and the cap layer in a carrier gas atmosphere 
containing Substantially no hydrogen and containing 
nitrogen as the major component thereof, and 

0099 growing the p-type clad layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 

0100. According to the 18th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and made of a third nitride III-V compound semicon 
ductor containing Al and Ga.; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 
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0101 growing the active layer, the optical guide 
layer and the cap layer at a growth temperature lower 
than the growth temperature of the p-type clad layer. 

0102) According to the 19th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; an optical guide layer in contact 
with the intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the optical guide layer and made of a third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type clad layer in contact with the cap layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0.103 growing the active layer, the intermediate 
layer, the optical guide layer and the cap layer in a 
carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof, and 

0104 growing the p-type clad layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 

0105. According to the 20th aspect of the invention, there 
is provided a manufacturing method of a semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; an optical guide layer in contact 
with the intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the optical guide layer and made of a third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type clad layer in contact with the cap layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0106 growing the active layer, the intermediate 
layer, the optical guide layer and the cap layer at a 
growth temperature lower than the growth tempera 
ture of the p-type clad layer. 

0107 Typically, the active layer and the intermediate 
layer are grown under a growth temperature lower than that 
of the optical guide layer and the cap layer. 
0108. According to the 21st aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
III-V compound Semiconductor containing Ga.; and a p-type 
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clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0109 growing the active layer, the first optical guide 
layer and the cap layer in a carrier gas atmosphere 
containing Substantially no hydrogen and containing 
nitrogen as the major component thereof, and 

0110 growing the Second optical guide layer and the 
p-type clad layer in a carrier gas atmosphere con 
taining nitrogen and hydrogen as major components 
thereof. 

0111. According to the 22nd aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
III-V compound Semiconductor containing Ga; and a p-type 
clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0112 growing the active layer, the first optical guide 
layer and the cap layer at a growth temperature lower 
than the growth temperature of the Second optical 
guide layer and the p-type clad layer. 

0113. According to the 23rd aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and made 
of a third nitride III-V compound Semiconductor containing 
Al and Ga.; a Second optical guide layer in contact with the 
cap layer and made of a ninth nitride III-V compound 
Semiconductor containing Ga.; and a p-type clad layer in 
contact with the Second optical guide layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0114 growing the active layer, the intermediate 
layer, the first optical guide layer and the cap layer in 
a carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof; and 

0115 growing the Second optical guide layer and the 
p-type clad layer in a carrier gas atmosphere con 
taining nitrogen and hydrogen as major components 
thereof. 

0116. According to the 24th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
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light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and made 
of a third nitride III-V compound Semiconductor containing 
Al and Ga.; a Second optical guide layer in contact with the 
cap layer and made of a ninth nitride III-V compound 
Semiconductor containing Ga.; and a p-type clad layer in 
contact with the Second optical guide layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0117 growing the active layer, the intermediate 
layer, the first optical guide layer and the cap layer at 
a growth temperature lower than the growth tem 
perature of the Second optical guide layer and the 
p-type clad layer. 

0118. Typically, the active layer is grown under a growth 
temperature lower than that of intermediate layer, first 
optical guide layer and cap layer. 
0119) According to the 25th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing. In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and having a Superlattice Structure in which 
barrier layers are made of a third nitride III-V compound 
Semiconductor containing Al and Ga; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
III-V compound Semiconductor containing Ga.; and a p-type 
clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0120 growing the active layer, the first optical guide 
layer and the cap layer in a carrier gas atmosphere 
containing Substantially no hydrogen and containing 
nitrogen as the major component thereof, and 

0121 growing the Second optical guide layer and the 
p-type clad layer in a carrier gas atmosphere con 
taining nitrogen and hydrogen as major components 
thereof. 

0122) According to the 26th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and having a Superlattice Structure in which 
barrier layers are made of a third nitride III-V compound 
Semiconductor containing Al and Ga; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
III-V compound Semiconductor containing Ga.; and a p-type 
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clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0123 growing the active layer, the first optical guide 
layer and the cap layer at a growth temperature lower 
than the growth temperature of the Second optical 
guide layer and the p-type clad layer. 

0.124. According to the 27th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and having 
a Superlattice Structure in which barrier layers are made of 
a third nitride III-V compound Semiconductor containing Al 
and Ga.; a Second optical guide layer in contact with the cap 
layer and made of a ninth nitride III-V compound Semicon 
ductor containing Ga; and a p-type clad layer in contact with 
the Second optical guide layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0125 growing the active layer, the intermediate 
layer, the first optical guide layer and the cap layer in 
a carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof; and 

0.126 growing the Second optical guide layer and the 
p-type clad layer in a carrier gas atmosphere con 
taining nitrogen and hydrogen as major components 
thereof. 

0127. According to the 28th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and having 
a Superlattice Structure in which barrier layers are made of 
a third nitride III-V compound Semiconductor containing Al 
and Ga.; a Second optical guide layer in contact with the cap 
layer and made of a ninth nitride III-V compound Semicon 
ductor containing Ga; and a p-type clad layer in contact with 
the Second optical guide layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0128 growing the active layer, the intermediate 
layer, the first optical guide layer and the cap layer at 
a growth temperature lower than the growth tem 
perature of the Second optical guide layer and the 
p-type clad layer. 
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0129. Typically, the active layer and the intermediate 
layer are grown under a growth temperature lower than that 
of the optical guide layer and the cap layer. 
0.130. According to the 29th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and having a Superlattice Structure in which barrier 
layers are made of a third nitride III-V compound semicon 
ductor containing Al and Ga; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0131 growing the active layer, the optical guide 
layer and the cap layer in a carrier gas atmosphere 
containing Substantially no hydrogen and containing 
nitrogen as the major component thereof, and 

0132 growing the p-type clad layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 

0.133 According to the 30th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and having a Superlattice Structure in which barrier 
layers are made of a third nitride III-V compound semicon 
ductor containing Al and Ga; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0.134 growing the active layer, the optical guide 
layer and the cap layer at a growth temperature lower 
than the growth temperature of the p-type clad layer. 

0.135 According to the 31st aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
light emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; an optical guide layer in contact 
with the intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the optical guide layer and having a Superlattice 
structure in which barrier layers are made of the third nitride 
III-V compound Semiconductor containing Al and Ga.; and a 
p-type clad layer in contact with the cap layer and made of 
a Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0.136 growing the active layer, the intermediate 
layer, the optical guide layer and the cap layer in a 
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carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof; and 

0.137 growing the p-type clad layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 

0138 According to the 32nd aspect of the invention, 
there is provided a manufacturing method of a Semiconduc 
tor light emitting device including an active layer made of a 
first nitride III-V compound Semiconductor containing. In 
and Ga; an intermediate layer in contact with the active layer 
and made of a Second nitride III-V compound Semiconduc 
tor containing In and Ga and different from the first nitride 
III-V compound Semiconductor; an optical guide layer in 
contact with the intermediate layer and made of a sixth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the optical guide layer and having a 
Superlattice Structure in which barrier layers are made of the 
third nitride III-V compound Semiconductor containing Al 
and Ga; and a p-type clad layer in contact with the cap layer 
and made of a Seventh nitride III-V compound Semiconduc 
tor containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0.139 growing the active layer, the intermediate 
layer, the optical guide layer and the cap layer at a 
growth temperature lower than the growth tempera 
ture of the p-type clad layer. 

0140 Typically, the active layer and the intermediate 
layer are grown under a growth temperature lower than that 
of the optical guide layer and the cap layer. 
0141 According to the 33rd aspect of the invention, there 
is provided a Semiconductor device comprising: 

0.142 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0.143 a layer in contact with the layer made of the 
first nitride III-V compound semiconductor, and 
made of a sixth nitride III-V compound semiconduc 
tor containing Ga; 

0144) a cap layer in contact with the layer made of 
the sixth nitride III-V compound semiconductor, and 
made of a third nitride III-V compound semiconduc 
tor containing Al and Ga; and 

0145 a p-type layer in contact with the cap layer and 
made of a seventh nitride III-V compound semicon 
ductor containing Al and Ga and different from the 
third nitride III-V compound semiconductor. 

0146 According to the 34th aspect of the invention, there 
is provided a Semiconductor device comprising: 

0147 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0.148 an intermediate layer in contact with the layer 
made of the first nitride III-V compound semicon 
ductor, and made of a Second nitride III-V compound 
Semiconductor containing In and Ga and different 
from the first nitride III-V compound semiconductor; 

0149 a layer in contact with the intermediate layer 
and made of a sixth nitride III-V compound semi 
conductor containing Ga; 
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0150 a cap layer in contact with the layer made of 
the sixth nitride III-V compound semiconductor, and 
made of a third nitride III-V compound semiconduc 
tor containing Al and Ga; and 

0151 a p-type layer in contact with the cap layer and 
made of a seventh nitride III-V compound semicon 
ductor containing Al and Ga and different from the 
third nitride III-V compound semiconductor. 

0152. According to the 35th aspect of the invention, there 
is provided a Semiconductor device comprising: 

0153 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0154) a layer in contact with the layer made of the 
first nitride III-V compound semiconductor, and 
made of an eighth nitride III-V compound Semicon 
ductor containing Ga; 

O155 a cap layer in contact with the layer made of 
the eighth nitride III-V compound Semiconductor, 
and made of a third nitride III-V compound semi 
conductor containing Al and Ga; 

0156 a layer in contact with the cap layer and made 
of a ninth nitride III-V compound semiconductor 
containing Ga.; and 

O157 a p-type layer in contact with the layer made 
of the ninth nitride III-V compound semiconductor, 
and made of a seventh nitride III-V compound semi 
conductor containing Al and Ga and different from 
the third nitride III-V compound semiconductor. 

0158 According to the 36th aspect of the invention, there 
is provided a Semiconductor device comprising: 

0159 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0160 an intermediate layer in contact with the layer 
made of the first nitride III-V compound semicon 
ductor, and made of a Second nitride III-V compound 
Semiconductor containing In and Ga and different 
from the first nitride III-V compound semiconductor; 

0.161 a layer in contact with the intermediate layer 
and made of an eighth nitride III-V compound Semi 
conductor containing Ga; 

0162 a cap layer in contact with the layer made of 
the eighth nitride III-V compound Semiconductor, 
and made of a third nitride III-V compound semi 
conductor containing Al and Ga; 

0163 a layer in contact with the cap layer and made 
of a ninth nitride III-V compound semiconductor 
containing Ga.; and 

0.164 a p-type layer in contact with the layer made 
of the ninth nitride III-V compound semiconductor, 
and made of a seventh nitride III-V compound semi 
conductor containing Al and Ga and different from 
the third nitride III-V compound semiconductor. 

0.165 According to the 37th aspect of the invention, there 
is provided a Semiconductor device comprising: 

0166 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 
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0.167 a layer in contact with the layer made of the 
first nitride III-V compound semiconductor, and 
made of an eighth nitride III-V compound Semicon 
ductor containing Ga; 

0168 a cap layer in contact with the layer made of 
the eighth nitride III-V compound Semiconductor, 
and having a Superlattice Structure in which barrier 
layers are made of a third nitride III-V compound 
Semiconductor containing Al and Ga; 

01.69 a layer in contact with the cap layer and made 
of a ninth nitride III-V compound semiconductor 
containing Ga.; and 

0170 a p-type layer in contact with the layer made 
of the ninth nitride III-V compound semiconductor, 
and made of a seventh nitride III-V compound semi 
conductor containing Al and Ga and different from 
the third nitride III-V compound semiconductor. 

0171 According to the 38th aspect of the invention, there 
is provided a Semiconductor device comprising: 

0172 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0173 an intermediate layer in contact with the layer 
made of the first nitride III-V compound semicon 
ductor, and made of a Second nitride III-V compound 
Semiconductor containing In and Ga and different 
from the first nitride III-V compound semiconductor; 

0.174 a layer in contact with the intermediate layer 
and made of an eighth nitride III-V compound Semi 
conductor containing Ga; 

0.175 a cap layer in contact with the layer made of 
the eighth nitride III-V compound Semiconductor, 
and having a Superlattice Structure in which barrier 
layers are made of a third nitride III-V compound 
Semiconductor containing Al and Ga; 

0176 a layer in contact with the cap layer and made 
of a ninth nitride III-V compound semiconductor 
containing Ga.; and 

0177 a p-type clad layer in contact with the layer 
made of the ninth nitride III-V compound semicon 
ductor, and made of a seventh nitride III-V com 
pound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semi 
conductor. 

0.178 According to the 39th aspect of the invention, there 
is provided a Semiconductor device comprising: 

0179 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0180 a layer in contact with the layer made of the 
first nitride III-V compound semiconductor, and 
made of a sixth nitride III-V compound semiconduc 
tor containing Ga; 

0181 a cap layer in contact with the layer made of 
the sixth nitride III-V compound semiconductor, and 
having a Superlattice Structure in which barrier layers 
are made of a third nitride III-V compound semi 
conductor containing Al and Ga; and 
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0182 a p-type layer in contact with the cap layer and 
made of a seventh nitride III-V compound semicon 
ductor containing Al and Ga and different from the 
third nitride III-V compound semiconductor. 

0183 According to the 40th aspect of the invention, there 
is provided a Semiconductor device comprising: 

0.184 a layer made of a first nitride III-V compound 
Semiconductor containing In and Ga; 

0185 an intermediate layer in contact with the layer 
made of the first nitride III-V compound semicon 
ductor, and made of a Second nitride III-V compound 
Semiconductor containing In and Ga and different 
from the first nitride III-V compound semiconductor; 

0186 a layer in contact with the intermediate layer 
and made of a sixth nitride III-V compound semi 
conductor containing Ga; 

0187 a cap layer in contact with the layer made of 
the sixth nitride III-V compound semiconductor, and 
having a Superlattice Structure in which barrier layers 
are made of the third nitride III-V compound semi 
conductor containing Al and Ga; and 

0188 a p-type clad layer in contact with the cap 
layer and made of a seventh nitride III-V compound 
Semiconductor containing Al and Ga and different 
from the third nitride III-V compound semiconduc 
tOr. 

0189 According to the 41st aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound semiconductor, and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the layer made of the sixth nitride III-V 
compound semiconductor, and made of a third nitride III-V 
compound Semiconductor containing Al and Ga; and a 
p-type layer in contact with the cap layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0.190 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the sixth nitride III-V compound semiconductor and 
the cap layer in a carrier gas atmosphere containing 
Substantially no hydrogen and containing nitrogen as 
the major component thereof; and 

0191 growing the p-type layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 

0.192 According to the 42nd aspect of the invention, 
there is provided a manufacturing method of a Semiconduc 
tor device including a layer made of a first nitride III-V 
compound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound semiconductor, and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the layer made of the sixth nitride III-V 
compound semiconductor, and made of a third nitride III-V 
compound Semiconductor containing Al and Ga; and a 
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p-type layer in contact with the cap layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0193 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the sixth nitride III-V compound semiconductor and 
the cap layer at a growth temperature lower than the 
growth temperature of the p-type layer. 

0194 According to the 43rd aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga; an intermediate 
layer in contact with the layer made of the first nitride III-V 
compound Semiconductor, and made of a Second nitride 
III-V compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semiconduc 
tor; a layer in contact with the intermediate layer and made 
of a sixth nitride III-V compound Semiconductor containing 
Ga.; a cap layer in contact with the layer made of the Sixth 
nitride III-V compound semiconductor, and made of a third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type layer in contact with the cap layer and made 
of a Seventh nitride III-V compound Semiconductor contain 
ing Al and Ga and different from the third nitride III-V 
compound Semiconductor, comprising: 

0.195 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the sixth nitride III-V 
compound Semiconductor and the cap layer in a 
carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof; and 

0196) growing the p-type layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 

0.197 According to the 44th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga; an intermediate 
layer in contact with the layer made of the first nitride III-V 
compound Semiconductor, and made of a Second nitride 
III-V compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semiconduc 
tor; a layer in contact with the intermediate layer and made 
of a sixth nitride III-V compound Semiconductor containing 
Ga.; a cap layer in contact with the layer made of the Sixth 
nitride III-V compound semiconductor, and made of a third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type layer in contact with the cap layer and made 
of a Seventh nitride III-V compound Semiconductor contain 
ing Al and Ga and different from the third nitride III-V 
compound Semiconductor, comprising: 

0198 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the sixth nitride III-V 
compound Semiconductor and the cap layer at a 
growth temperature lower than the growth tempera 
ture of the p-type clad layer. 

0199 Typically, the layer made of the first nitride III-V 
compound Semiconductor and the intermediate layer are 
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grown under a growth temperature lower than that of the 
layer made of the sixth nitride III-V compound semicon 
ductor and the cap layer. 
0200. According to the 45th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound Semiconductor, and made of an eighth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the layer made of the eighth nitride III-V 
compound semiconductor, and made of a third nitride III-V 
compound Semiconductor containing Al and Ga.; a layer in 
contact with the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga; and a p-type layer 
in contact with the layer made of the ninth nitride III-V 
compound Semiconductor, and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0201 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the eighth nitride III-V compound semiconductor 
and the cap layer in a carrier gas atmosphere con 
taining Substantially no hydrogen and containing 
nitrogen as the major component thereof, and 

0202 growing the layer made of the ninth nitride 
III-V compound Semiconductor and the p-type layer 
in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

0203 According to the 46th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound Semiconductor, and made of an eighth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the layer made of the eighth nitride III-V 
compound semiconductor, and made of a third nitride III-V 
compound Semiconductor containing Al and Ga.; a layer in 
contact with the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga; and a p-type layer 
in contact with the layer made of the ninth nitride III-V 
compound Semiconductor, and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0204 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the eighth nitride III-V compound semiconductor 
and the cap layer at a growth temperature lower than 
the growth temperature of the layer made of the ninth 
nitride III-V compound semiconductor and the 
p-type layer. 

0205 According to the 47th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga; an intermediate 
layer in contact with the layer made of the first nitride III-V 
compound Semiconductor, and made of a Second nitride 
III-V compound Semiconductor containing In and Ga and 
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different from the first nitride III-V compound semiconduc 
tor; a layer in contact with the intermediate layer and made 
of an eighth nitride III-V compound Semiconductor contain 
ing Ga.; a cap layer in contact with the layer made of the 
eighth nitride III-V compound Semiconductor, and made of 
a third nitride III-V compound Semiconductor containing Al 
and Ga.; a layer in contact with the cap layer and made of a 
ninth nitride III-V compound Semiconductor containing Ga; 
and a p-type layer in contact with the layer made of the ninth 
nitride III-V compound Semiconductor, and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0206 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the eighth nitride III-V 
compound Semiconductor and the cap layer in a 
carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof; and 

0207 growing the layer made of the ninth nitride 
III-V compound Semiconductor and the p-type layer 
in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

0208 According to the 48th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga; an intermediate 
layer in contact with the layer made of the first nitride III-V 
compound Semiconductor, and made of a Second nitride 
III-V compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semiconduc 
tor; a layer in contact with the intermediate layer and made 
of an eighth nitride III-V compound Semiconductor contain 
ing Ga.; a cap layer in contact with the layer made of the 
eighth nitride III-V compound Semiconductor, and made of 
a third nitride III-V compound Semiconductor containing Al 
and Ga.; a layer in contact with the cap layer and made of a 
ninth nitride III-V compound Semiconductor containing Ga; 
and a p-type layer in contact with the layer made of the ninth 
nitride III-V compound Semiconductor, and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0209 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the eighth nitride III-V 
compound Semiconductor and the cap layer at a 
growth temperature lower than the growth tempera 
ture of the layer made of the ninth nitride III-V 
compound Semiconductor and the p-type clad layer. 

0210 Typically, the layer made of the first nitride III-V 
compound Semiconductor is grown under a growth tempera 
ture lower than that of the intermediate layer and the layer 
made of the eighth nitride III-V compound semiconductor. 
0211. According to the 49th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound Semiconductor, and made of an eighth nitride III-V 
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compound Semiconductor containing Ga.; a cap layer in 
contact with the layer made of the eighth nitride III-V 
compound Semiconductor, and having a Superlattice Struc 
ture in which barrier layers are made of a third nitride III-V 
compound Semiconductor containing Al and Ga.; a layer in 
contact with the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga; and a p-type layer 
in contact with the layer made of the ninth nitride III-V 
compound Semiconductor, and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0212 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the eighth nitride III-V compound semiconductor 
and the cap layer in a carrier gas atmosphere con 
taining Substantially no hydrogen and containing 
nitrogen as the major component thereof, and 

0213 growing the layer made of the ninth nitride 
III-V compound Semiconductor and the p-type layer 
in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

0214. According to the 50th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound Semiconductor, and made of an eighth nitride III-V 
compound Semiconductor containing Ga; a cap layer in 
contact with the layer made of the eighth nitride III-V 
compound Semiconductor, and having a Superlattice Struc 
ture in which barrier layers are made of a third nitride III-V 
compound Semiconductor containing Al and Ga.; a layer in 
contact with the cap layer and made of a ninth nitride III-V 
compound Semiconductor containing Ga; and a p-type layer 
in contact with the layer made of the ninth nitride III-V 
compound Semiconductor, and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

0215 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the eighth nitride III-V compound semiconductor 
and the cap layer at a growth temperature lower than 
the growth temperature of the layer made of the ninth 
nitride III-V compound semiconductor and the 
p-type clad layer. 

0216. According to the 51st aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga; an intermediate 
layer in contact with the layer made of the first nitride III-V 
compound Semiconductor, and made of a Second nitride 
III-V compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semiconduc 
tor; a layer in contact with the intermediate layer and made 
of an eighth nitride III-V compound Semiconductor contain 
ing Ga.; a cap layer in contact with the layer made of the 
eighth nitride III-V compound Semiconductor, and having a 
Superlattice Structure in which barrier layers are made of a 
third nitride III-V compound Semiconductor containing Al 
and Ga.; a layer in contact with the cap layer and made of a 
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ninth nitride III-V compound Semiconductor containing Ga; 
and a p-type layer in contact with the layer made of a ninth 
nitride III-V compound Semiconductor, and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0217 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the eighth nitride III-V 
compound Semiconductor and the cap layer in a 
carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof; and 

0218 growing the layer made of the ninth nitride 
III-V compound Semiconductor and the p-type layer 
in a carrier gas atmosphere containing nitrogen and 
hydrogen as major components thereof. 

0219. According to the 52nd aspect of the invention, 
there is provided a manufacturing method of a Semiconduc 
tor device including a layer made of a first nitride III-V 
compound Semiconductor containing In and Ga; an inter 
mediate layer in contact with the layer made of the first 
nitride III-V compound Semiconductor, and made of a 
Second nitride III-V compound Semiconductor containing. In 
and Ga and different from the first nitride III-V compound 
Semiconductor; a layer in contact with the intermediate layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the layer made 
of the eighth nitride III-V compound semiconductor, and 
having a Superlattice Structure in which barrier layers are 
made of a third nitride III-V compound semiconductor 
containing Al and Ga.; a layer in contact with the cap layer 
and made of a ninth nitride III-V compound semiconductor 
containing Ga; and a p-type layer in contact with the layer 
made of a ninth nitride III-V compound Semiconductor, and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

0220 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the eighth nitride III-V 
compound Semiconductor and the cap layer at a 
growth temperature lower than the growth tempera 
ture of the layer made of the ninth nitride III-V 
compound Semiconductor and the p-type clad layer. 

0221) Typically, the layer made of the first nitride III-V 
compound Semiconductor and the intermediate layer are 
grown under a growth temperature lower than that of the 
layer made of the eighth nitride III-V compound semicon 
ductor and the cap layer. 
0222. According to the 53rd aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound Semiconductor, and made of a sixth nitride II-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the layer made of the sixth nitride III-V 
compound Semiconductor, and having a Superlattice Struc 
ture in which barrier layers are made of a third nitride III-V 
compound Semiconductor containing Al and Ga; and a 
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p-type layer in contact with the cap layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0223 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the sixth nitride III-V compound semiconductor and 
the cap layer in a carrier gas atmosphere containing 
Substantially no hydrogen and containing nitrogen as 
the major component thereof; and 

0224 growing the p-type layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 

0225. According to the 54th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga.; a layer in 
contact with the layer made of the first nitride III-V com 
pound semiconductor, and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the layer made of the sixth nitride III-V 
compound Semiconductor, and having a Superlattice Struc 
ture in which barrier layers are made of a third nitride III-V 
compound Semiconductor containing Al and Ga; and a 
p-type layer in contact with the cap layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

0226 growing the layer made of the first nitride 
III-V compound Semiconductor, the layer made of 
the sixth nitride III-V compound semiconductor and 
the cap layer at a growth temperature lower than the 
growth temperature of the p-type layer. 

0227. According to the 55th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga; an intermediate 
layer in contact with the layer made of the first nitride III-V 
compound Semiconductor, and made of a Second nitride 
III-V compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semiconduc 
tor; a layer in contact with the intermediate layer and made 
of a sixth nitride III-V compound Semiconductor containing 
Ga.; a cap layer in contact with the layer made of the Sixth 
nitride III-V compound Semiconductor, and having a Super 
lattice structure in which barrier layers are made of the third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type layer in contact with the cap layer and made 
of a Seventh nitride III-V compound Semiconductor contain 
ing Al and Ga and different from the third nitride III-V 
compound Semiconductor, comprising: 

0228 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the sixth nitride III-V 
compound Semiconductor and the cap layer in a 
carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as the major com 
ponent thereof, and 

0229 growing the p-type layer in a carrier gas 
atmosphere containing nitrogen and hydrogen as 
major components thereof. 
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0230. According to the 56th aspect of the invention, there 
is provided a manufacturing method of a Semiconductor 
device including a layer made of a first nitride III-V com 
pound Semiconductor containing In and Ga; an intermediate 
layer in contact with the layer made of the first nitride III-V 
compound Semiconductor, and made of a Second nitride 
III-V compound Semiconductor containing In and Ga and 
different from the first nitride III-V compound semiconduc 
tor; a layer in contact with the intermediate layer and made 
of a sixth nitride III-V compound Semiconductor containing 
Ga.; a cap layer in contact with the layer made of the Sixth 
nitride III-V compound Semiconductor, and having a Super 
lattice structure in which barrier layers are made of the third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type layer in contact with the cap layer and made 
of a Seventh nitride III-V compound Semiconductor contain 
ing Al and Ga and different from the third nitride III-V 
compound Semiconductor, comprising: 

0231 growing the layer made of the first nitride 
III-V compound Semiconductor, the intermediate 
layer, the layer made of the sixth nitride III-V 
compound Semiconductor and the cap layer at a 
growth temperature lower than the growth tempera 
ture of the p-type layer. 

0232 Typically, the layer made of the first nitride III-V 
compound Semiconductor and the intermediate layer are 
grown under a growth temperature lower than that of the 
layer made of the sixth nitride III-V compound semicon 
ductor and the cap layer. 
0233. In the 9th to 56th aspects of the invention, the sixth 
nitride III-V compound Semiconductor containing Ga, 
eighth nitride III-V compound semiconductor and ninth 
nitride III-V compound Semiconductor layer may contain In, 
All or B, for example, as a group III element other than Ga, 
and may contain AS or P as a group V element. The Seventh 
nitride III-V compound Semiconductor containing Al and Ga 
may contain In, or B, for example, as a group III element 
other than Al and Ga, and may contain AS or P as a group 
V element. 

0234. In the 9th to 56th aspects of the invention, the band 
gap of the cap layer is typically larger than the band gap of 
the p-type clad layer or the p-type layer. Thickness of the cap 
layer is preferably equal to or more than 2 nm to ensure a 
sufficient effect by the use of the cap layer. However, if the 
cap layer is excessively thick, the crystalline quality dete 
riorates in Some kinds of composition. To prevent it, thick 
neSS of the cap layer is preferably limited not to exceed 20 
nm. If the optical guide layer, first optical guide layer, layer 
made of the sixth nitride III-V compound semiconductor or 
layer made of the eighth nitride III-V compound is doped 
with Mg or other p-type impurity Semiconductor, the Spe 
cific resistance rather increases. Therefore, it is preferably 
undoped. The optical guide layer, first optical guide layer, 
layer made of the sixth nitride III-V compound semicon 
ductor or layer made of the eighth nitride III-V compound 
exhibits an n-type conductivity when it is undoped. Thick 
neSS of the optical guide layer, first optical guide layer, layer 
made of the sixth nitride III-V compound semiconductor or 
layer made of the eighth nitride III-V compound is, in 
general, equal to larger than 8 nm, and it is typically 
controlled in the range from 10 nm to 100 nm. 
0235 AS to carrier gas atmosphere used for growth of 
layers of Semiconductor light emitting devices or Semicon 
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ductor devices, in order to obtain a layer with a lower 
resistance, a N2 gas atmosphere is most preferably used as 
the carrier gas atmosphere containing Substantially no 
hydrogen and containing nitrogen as its major component, 
and a mixed gas atmosphere containing N and H is used as 
the carrier gas atmosphere containing nitrogen and hydrogen 
as its major components. 

0236. In the 9th to 56th aspects of the invention, the 
Statement made with reference to the first to eighth aspects 
of the invention are here again recommended as far as they 
are consistent to their natures. 

0237 According to the invention summarized above, 
since the intermediate layer made of the second nitride III-V 
compound Semiconductor containing In and Ga and different 
from the first nitride III-V compound semiconductor is 
provided in contact with the active layer or the layer made 
of the first nitride III-V compound semiconductor, the inter 
mediate layer largely alleviates the StreSS produced in the 
active layer or the layer made of the first nitride III-V 
compound Semiconductor, or effectively prevents Mg used 
as the p-type dopant from diffusion into the active layer or 
the layer made of the first nitride III-V compound semicon 
ductor. 

0238. Additionally, by optimizing the position of the cap 
layer, the optical guide layer or the first optical guide layer 
can be grown in a good crystalline quality as compared with 
a structure locating the cap layer adjacent to the active layer 
via the intermediate layer, for example, or the optical guide 
layer or the first optical guide layer can be optimized in 
thickness. 

BRIEF DESCRIPTION OF DRAWINGS 

0239 FIG. 1 is a cross-sectional view showing a GaN 
compound Semiconductor laser according to the first 
embodiment of the invention; 
0240 FIG. 2 is a schematic diagram showing an energy 
band Structure of the GaN compound Semiconductor laser 
according to the first embodiment of the invention; 
0241 FIG. 3 is a schematic diagram showing an energy 
band structure of a GaN compound Semiconductor laser 
according to the Second embodiment of the invention; 
0242 FIG. 4 is a schematic diagram showing an energy 
band Structure of the GaN compound Semiconductor laser 
according to the third embodiment of the invention; 
0243 FIG. 5 is a schematic diagram showing an energy 
band Structure of the GaN compound Semiconductor laser 
according to the first embodiment of the invention; 
0244 FIG. 6 is a cross-sectional view showing a GaN 
compound Semiconductor laser according to the fifth 
embodiment of the invention; 

0245 FIG. 7 is a schematic diagram showing an energy 
band Structure of the GaN compound Semiconductor laser 
according to the fifth embodiment of the invention; 
0246 FIG. 8 is a schematic diagram showing measured 
changes in Vertical radiation angle of the GaN compound 
Semiconductor laser according to the fifth embodiment of 
the invention in response to changes in thickness of an 
undoped GaN optical guide layer therein; 
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0247 FIG. 9 is a cross-sectional view showing a GaN 
compound Semiconductor laser according to the Sixth 
embodiment of the invention; 
0248 FIG. 10 is a schematic diagram showing an energy 
band Structure of the GaN compound Semiconductor laser 
according to the Sixth embodiment of the invention; 
0249 FIG. 11 is a schematic diagram showing an energy 
band structure of a GaN compound Semiconductor laser 
according to the Seventh embodiment of the invention; 
0250 FIG. 12 is a schematic diagram showing an energy 
band structure of a GaN compound Semiconductor laser 
according to the eighth embodiment of the invention; 
0251 FIG. 13 is a schematic diagram showing an energy 
band structure of a GaN compound Semiconductor laser 
according to the ninth embodiment of the invention; 
0252 FIG. 14 is a schematic diagram showing an energy 
band structure of a GaN compound Semiconductor laser 
according to the tenth embodiment of the invention; 
0253 FIG. 15 is a schematic diagram showing an energy 
band structure of a GaN compound Semiconductor laser 
according to the eleventh embodiment of the invention; and 
0254 FIG. 16 is a schematic diagram showing an energy 
band structure of a GaN compound Semiconductor laser 
according to the twelfth embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

0255 Embodiments of the invention will now be 
explained below with reference to the drawings. 
0256 In all figures showing embodiments of the inven 
tion, identical or equivalent components are labeled with 
common reference numerals. 

0257 FIG. 1 shows a GaN compound semiconductor 
laser according to the first embodiment of the invention. 
This GaN compound Semiconductor laser has a ridge Struc 
ture and a SCH (separate confinement heterostructure) struc 
ture. 

0258 As shown in FIG. 1, the GaN compound semicon 
ductor laser according to the first embodiment includes an 
undoped GaN layer 3 grown by lateral crystal growth 
technique Such as ELO: n-type GaN contact layer 4, n-type 
AlGaN clad layer 5; n-type GaN optical guide layer 6; active 
layer 7 having an undoped In Gai-N/InGaN multi 
quantum well Structure, for example; n-type undoped InGaN 
deterioration preventing layer 8; p-type AlGaN cap layer 9, 
p-type GaN optical guide layer 10; p-type AlGaN clad layer 
11; and p-type GaN contact layer 12 that are Sequentially 
overlaid on a c-plane Sapphire Substrate 1 via an undoped 
GaN buffer layer 2 grown at a low temperature. 
0259. The undoped GaN buffer layer 2 is 30 nm thick, for 
example. The undoped GaN layer 3 is 0.5 um thick, for 
example. The n-type GaN contact layer 4 is 4 um thick, for 
example, and Silicon (Si), for example, is doped as an n-type 
impurity. The n-type AlGaN clad layer 5 is 1.0 um thick, for 
example, and Si, for example, is doped as an n-type impu 
rity. Its Al composition may be 0.07, for example. The 
n-type GaN optical guide layer 6 is 0.1 um thick, for 
example, and Si, for example, is doped as an n-type impu 
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rity. In the active layer 7 of the undoped In Gai-N/InGai 
yN multiquantum well Structure, each In GaN layer as a 
well layer may be 3.5 nm thick, and x=0.14. Each InGa-N 
layer as a barrier layer may be 7 nm thick, and y=0.02. The 
active layer 7 includes three such well layers. 

0260 The undoped InCaN deterioration preventing layer 
8 has a graded Structure in which the indium composition 
gradually, monotonously decreases from the Surface in con 
tact with the active layer toward the Surface in contact with 
the p-type AlGaN cap layer 9. The indium composition 
along the Surface in contact with the active layer 7 is equal 
to the Indium composition y of the InGaN barrier layers 
of the active layer 7, and the indium composition along the 
surface in contact with the p-type AlGaN cap layer is 0. The 
undoped InGaN deterioration preventing layer 8 is 20 nm 
thick, for example. 

0261) The p-type AlGaN cap layer 9 is 10 nm thick, for 
example, and magnesium (Mg), for example, is doped as a 
p-type impurity. All composition of the p-type AlGaN cap 
layer 9 may be 0.2, for example. AS already explained, the 
p-type AlGaN cap layer 9 is provided to prevent the active 
layer 7 from deterioration by elimination of In therefrom 
during growth of the p-type GaN optical guide layer 10, 
p-type AlGaN clad layer 11 and p-type GaN contact layer 12 
and Simultaneously prevent overflow of carriers (electrons) 
from the active layer 9. Thickness of the p-type GaN optical 
guide layer 10 is 0.1 um, for example, and Mg, for example, 
is doped as a p-type impurity. Thickness of the p-type 
AlGaN clad layer 11 is 0.5 tim, for example, and Mg, for 
example, is doped as a p-type impurity. Its Al composition 
is 0.07, for example. Thickness of the p-type GaN contact 
layer 12 is 0.1 um, for example, and Mg, for example, is 
doped as a p-type impurity. 

0262 An upper part of the n-type GaN contact layer 4, 
n-type AlGaN clad layer 5, n-type GaN optical guide layer 
6, active layer 7, undoped InGaN deterioration preventing 
layer 8, p-type AlGaN cap layer 9, p-type GaN optical guide 
layer 10 and p-type GaN clad layer 11 are shaped into a mesa 
configuration of a predetermined width. In the upper part of 
the p-type AlGaN clad layer 11 and the p-type contact layer 
13 in the mesa portion, a ridge 13 is formed to extend in the 
<11-20> direction, for example. Width of the ridge 13 is 3 
tim, for example. 

0263. An insulating film 14 Such as a SiO film having 
the thickness of 0.3 um, for example, is formed to cover the 
entirety of the mesa portion. The insulating film 14 is 
provided for the purpose of electrical insulation and Surface 
protection. The insulating film 14 has an aperture above the 
ridge 13, and a p-side electrode 15 is in contact with the 
p-type GaN contact layer 13 through the aperture 14a. The 
p-side electrode 15 has a multi-layered Structure including 
sequentially overlaid Pd film, Pt film and Au film, which are 
10 nm, thick, 100 nm thick and 300 nm thick, for example, 
respectively. The insulating film 14 has another aperture 14b 
in a predetermined portion adjacent the mesa portion, and an 
n-side electrode 16 is in contact with the n-type GaN contact 
layer 4 through the aperture 14b. The n-side electrode has a 
multi-layered Structure including Sequentially overlaid Ti 
film, Pty film and Au film, which are 10 nm thick, 50 nm 
thick and 100 nm thick, for example, respectively. 
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0264 FIG.2 shows an energy band structure (conduction 
band) of a Substantial part of the GaN compound Semicon 
ductor laser. In FIG. 2, E denotes the bottom energy of the 
conduction band. 

0265 Next explained is a manufacturing method of the 
GaN compound Semiconductor laser according to the first 
embodiment. 

0266 First prepared is a c-plane Sapphire substrate 1 with 
a Surface cleaned by thermal cleaning, for example, and the 
undoped GaN buffer layer 2 is grown on the c-plane Sapphire 
Substrate 1 by metal organic chemical vapor deposition 
(MOCVD) at a temperature around 500° C., for example. 
Thereafter, the undoped GaN layer 3 is grown by MOCVD 
at the growth temperature of 1000 C., for example, by 
lateral crystal growth technique Such as ELO. 
0267 Consecutively, the n-type GaN contact layer 4, 
n-type AlGaN clad layer 5, n-type GaN optical guide layer 
6, active layer 7 of the undoped In-GalN/InGai-N 
multiquantum well Structure, undoped InGaN deterioration 
preventing layer 8, p-type AlGaN cap layer 9, p-type GaN 
optical guide layer 10, p-type AlGaN clad layer 11 and 
p-type GaN contact layer 12 are Sequentially grown on the 
undoped GaN layer 3 by MOCVD. For growth of the layers 
not containing In, namely, the n-type GaN contact layer 4, 
n-type AlGaN clad layer 5, n-type GaN optical guide layer 
6, p-type AlGaN cap layer 9, p-type GaN optical guide layer 
10, p-type AlGaN clad layer 11 and p-type GaN contact 
layer 12, the growth temperature adjusted to 1000 C., for 
example. For growth of the active layer 7 having the 
Gali-In-N/Gai-In,N multiquantum well structure, which 
does not contain In, the growth temperature is controlled 
within 700 to 800° C. for example, e.g. at 730° C. for 
example. For growth of the undoped InCaN deterioration 
preventing layer 8, its growth temperature is set at the same 
value as the growth temperature of the active layer 7, 
namely, 730 C., for example, at the beginning of the 
growth, and thereafter, it is gradually raised linearly, for 
example, Such that it rises up to the same growth tempera 
ture as that of the p-type AlGaN cap layer 9, namely 835 C. 
for example, at the end of the growth. 
0268 AS to source materials of these GaN compound 
semiconductor layers, trimethyl gallium ((CH). Ga, TMG) 
is used as the Source material of Ga, trimethyl aluminum 
((CH)Al, TMA) is used as the source material of Al, 
trimethyl indium ((CH)-In, TMI) is used as the source 
material of In, and NH is used as the source material of N, 
for example. Carrier gas may be H, for example. AS to 
dopants, silane (SiH), for example, is used as the n-type 
dopant, and bis=methylcyclopentadienile magnesium 
((CH3C5H4)Mg) or bis=cyclopentadienile magnesium 
((C5H5)Mg), for example, is used as the p-type dopant. 
0269. In the next process, the c-plane Sapphire substrate 
1 having the GaN compound Semiconductor layerS grown 
thereon is taken out of the MOCVD apparatus. Then a SiO, 
film (not shown), 0.1 um thick, for example is formed on the 
entire surface of the p-type GaN contact layer 12 by CVD, 
Vacuum evaporation, Sputtering, or the like, for example. 
After that, on this SiO film, a resist pattern (not shown) of 
a predetermined geometry corresponding to the shape of the 
mesa portion is formed by photolithography. Using this 
resist pattern as a mask, the SiO2 film is next etched and 
patterned by wet etching using an etching liquid of the 
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fluoric acid Series, or by RIE using an etching gas containing 
fluorine, such as CF or CHF. Subsequently, using the SiO, 
film of the predetermined geometry as a mask, etching is 
carried out by RIE, for example, to the depth reaching the 
n-type GaN contact layer 4. AS the etching gas for RIE, a 
chlorine-Series gas may be used as the etching gas, for 
example. As a result of this etching, upper part of the n-type 
GaN contact layer 4, n-type AlGaN cladding layer 5, n-type 
GaN waveguide layer 6, active layer 7, undoped InCaN 
deterioration-preventing layer 8, p-type AlGaN cap layer 9, 
p-type GaN waveguide layer 10, p-type AlGaN cladding 
layer 11 and p-type GaN contact layer 12 are patterned into 
a mesa configuration. 
0270. After that, the SiO film used as the etching mask 
is removed, and another SiO film (not shown), 0.2 um thick 
for example, is again formed on the entire Substrate Surface 
by CVD, Vacuum evaporation or Sputtering, for example. 
Thereafter, a resist pattern (not shown) of a predetermined 
geometry corresponding to the shape of the ridge portion is 
formed on the SiO film by photolithography. After that, 
using this resist pattern as a mask, the SiO2 film is Selec 
tively etched into a pattern corresponding to the ridge 
portion by wet etching using an etching liquid of the fluoric 
acid Series, or by RIE using an etching gas containing 
fluorine, such as CF or CHF. 
0271 In the next process, using the SiO film as a mask, 
the p-type AlGaN cladding layer 11 is selectively etched by 
RIE to a predetermined depth to make out the ridge 13. In 
this RIE process, a chlorine-Series gas may be used as the 
etching gas, for example. 
0272. After that, the SiO film used as the etching mask 
is removed, and the insulating layer 14 Such as a SiO2 film, 
0.3 um thick for example, is formed on the entire substrate 
Surface by CVD, Vacuum evaporation or Sputtering, for 
example. 

0273 Subsequently, a resist pattern (not shown) is 
formed to cover a selective part of the insulating film 14 
excluding the region for the n-side electrode by photolithog 
raphy. 

0274 Next using this resist pattern as a mask, the insu 
lating film 14 is selectively etched to form the aperture 14b. 
0275. In the next process, maintaining the resist pattern 
there, a Ti film, Pt film and Au film are sequentially 
deposited on the entire Substrate Surface by vacuum evapo 
ration, for example. Thereafter, the resist pattern is removed 
together with the overlying part of the Ti film, Pt film and Au 
film (lift-off). As a result, the n-side electrode 16 is formed 
in contact with the n-type GaN contact layer 4 through the 
aperture 14b in the insulating film 14. The Ti film, Pt film 
and Au film forming the n-side electrode 16 are, respec 
tively, 10 nm thick, 50 nm thick and 100 nm thick. An 
alloying proceSS is next carried out for making ohmic 
contact of the n-side electrode 16. 

0276 Subsequently, after the aperture 14a is formed by 
selectively removing the insulating film 14 from above the 
ridge 13 by etching in a Similar process, and the p-side 
electrode 15 having the Pd/Pt/Austructure in contact with 
the p-type GaN contact layer 12 through the aperture 14a is 
formed in the same manner as the n-side electrode 16. 
Thereafter, an alloying proceSS is carried out for making 
ohmic contact of the p-side electrode 15. 
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0277. After that, the substrate having the laser structure 
thereon is divided into bars by cleavage, for example, to 
make out opposite cavity edges, and after the cavity edges 
are processed by edge coating, each bar is divided into chips 
by cleavage, or the like. 
0278 Through those steps, the intended GaN compound 
Semiconductor laser having the ridge Structure and the SCH 
Structure is completed. 
0279 GaN compound semiconductor lasers according to 
the first embodiment and GaN semiconductor lasers not 
including the undoped InGaN deterioration preventing layer 
but equal to the former lasers in the other respects were 
prepared and Subjected to a life test. As a result, GaN 
compound Semiconductor lasers according to the first 
embodiment exhibited very small initial deterioration rates 
as compared with the latter GaN Semiconductor lasers, and 
although the operation currents of the former lasers tended 
to gradually increase with time, their gradients were very 
Small and negligible levels. This life test was carried out 
under the condition of optical output being 30 mW and 
atmosphere temperature being 60° C. for both the former 
and latter lasers. Additionally, electroluminescent emission 
of these GaN compound Semiconductor lasers was observed. 
AS a result, although noticeably uneven emission was 
observed in the latter GaN compound Semiconductors, no 
uneven emission was observed in the GaN compound Semi 
conductor lasers according to the first embodiment. 
0280 AS explained above, according to the first embodi 
ment, Since the laser includes the undoped InCaN deterio 
ration preventing layer 8 in contact with the active layer 7 
and the p-type AlGaN cap layer 9 in contact with the 
undoped InGaN deterioration preventing layer, the undoped 
InGaN deterioration preventing layer 8 largely alleviates the 
stress produced in the active layer 7 by the p-type AlGaN 
cap layer 9, and effectively prevents Mg used as p-type 
dopants of p-type layers from diffusing into the active layer 
7. As a result, the high-performance GaN compound Semi 
conductor laser elongated in lifetime, highly reliable and 
free from emission unevenneSS can be realized. 

0281 Next explained is a GaN compound semiconductor 
laser according to the Second embodiment of the invention. 
FIG. 3 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0282. In the GaN compound semiconductor laser accord 
ing to the Second embodiment, Indium composition in the 
undoped InGaN deterioration preventing layer is uniform 
throughout the entire thickness thereof, and the indium 
composition is adjusted to a value Smaller than the Indium 
composition y of the barrier layers in the active layer 7, 
namely 0.02, for example. In the other respects, its structure 
is identical to that of the GaN compound semiconductor 
laser according to the first embodiment. So, its explanation 
is omitted here. 

0283 This GaN compound semiconductor laser can be 
manufactured by the same method as that of the GaN 
compound Semiconductor laser according to the first 
embodiment except that the undoped InCaN deterioration 
preventing layer 8 is grown under a constant growth tem 
perature. 

0284. The second embodiment also ensures the same 
advantages as those of the first embodiment. 
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0285) Next explained is a GaN compound semiconductor 
laser according to the third embodiment of the invention. 
FIG. 4 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0286. In the GaN compound semiconductor laser accord 
ing to the third embodiment, Indium composition of the 
undoped InGaN deterioration preventing layer is uniform 
throughout the entire thickness thereof, and the indium 
composition is adjusted to the same value as the Indium 
composition y of the barrier layers in the active layer 7. 
Thickness of the undoped InCaN deterioration preventing 
layer 8 is adjusted Such that the Sum of its own thickness and 
the thickness of one of the barrier layers of the active layer 
7 nearest thereto is at least 15 nm, preferably not thinner than 
17 nm, more preferably not thinner than 20 nm, or still more 
preferably not thinner than 25 nm. In the other respects, its 
Structure is identical to that of the GaN compound Semicon 
ductor laser according to the first embodiment. So, its 
explanation is omitted here. 
0287 Here again, this GaN compound semiconductor 
laser can be manufactured by the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment except that the undoped InCaN deterioration 
preventing layer 8 is grown under a constant growth tem 
perature. 

0288 The third embodiment also ensures the same 
advantages as those of the first embodiment. 
0289 Next explained is a GaN compound semiconductor 
laser according to the fourth embodiment of the invention. 
FIG. 5 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0290 The GaN compound semiconductor laser accord 
ing to the fourth embodiment is So configured that the 
undoped InGaN deterioration preventing layer 8 is in contact 
with the active layer 7, the p-type GaN optical guide layer 
10 is in contact with the undoped InGaN deterioration 
preventing layer 8, and the p-type AlGaN cap layer 9 is in 
contact with the p-type GaN optical guide layer 10. Distri 
bution of the indium composition in the undoped InCaN 
deterioration preventing layer 8 is identical to that of the first 
embodiment. In the other respects, its Structure is identical 
to that of the GaN compound Semiconductor laser according 
to the first embodiment. So, its explanation is omitted here. 
0291 Here again, this GaN compound semiconductor 
laser can be manufactured by the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. 

0292. The fourth embodiment also ensures the same 
advantages as those of the first embodiment. 
0293 Next explained is a GaN compound semiconductor 
laser according to the fifth embodiment of the invention. 
FIG. 6 shows the GaN compound semiconductor laser 
according to the fifth embodiment. FIG. 7 is an energy band 
diagram of this GaN compound Semiconductor laser. 
0294. In the GaN compound semiconductor laser accord 
ing to the fifth embodiment, an undoped GaN optical guide 
layer 17 is formed in contact with the active layer; the p-type 
AlGaN cap layer 9 is in contact with the undoped GaN 
optical guide layer 17; and a p-type AlGaN/GaN Superlattice 
clad layer 18 is formed in contact with the p-type AlGaN cap 
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layer 9. The laser of this embodiment does not include the 
undoped InCaN deterioration preventing layer 8. The 
undoped GaN optical guide layer 17 exhibits n-type con 
ductivity. Thickness of the undoped GaN optical guide layer 
17 is usually 10-100 nm; however, it is limited to 20-40 nm 
in this embodiment. The p-type AlGaN/GaN Superlattice 
clad layer 18 has a structure alternately Stacking 
undoped AlGaN layers as barrier layers each having the 
thickness of 2.5 nm and Al composition of 12%, for 
example, and Mg-doped GaN layerS as well layers each 
having the thickness of 2.5 nm here again, for example, and 
the total thickness of the clad layer 18 is, for example, 0.5 
tim. For the purpose of preventing electrons injected into the 
active layer from moving through the p-type AlGaN cap 
layer 9 to the p-type AlGaN/GaN Superlattice clad layer 18 
by tunneling, distance between the p-type AlGaN cap layer 
9 and nearest one of the barrier layers of the p-type AlGaN/ 
GaN Superlattice clad layer 18 is adjusted to a value capable 
of preventing the tunneling, namely about 10 nm, for 
example. The purpose of using the p-type AlGaN/GaN 
Superlattice clad layer 18 is to facilitate holes to move 
therethrough by tunneling. In the other respects, the Struc 
ture of the laser shown here is identical to that of the GaN 
compound Semiconductor laser according to the first 
embodiment. So, its explanation is omitted here. 

0295) This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type AlGaN cap layer 9, and 
at 1000 C. for growth of the p-type AlGaN/GaN Superlat 
tice clad layer 18 and the p-type GaN contact layer 12. As 
to carrier gas, a mixed gas atmosphere containing N and H 
is used for growth of layers from the undoped GaN layer 3 
to the n-type AlGaN clad layer 5, a Natmosphere is used 
for growth of layers from the n-type GaN optical guide layer 
6 to the p-type AlGaN cap layer 9, and a mixed gas 
atmosphere containing N and H2 is used for growth of the 
p-type AlGaN/GaN Superlattice clad layer 18 and the p-type 
GaN contact layer 12. In this case, Since the carrier gas 
atmosphere used for the growth up to the p-type AlGaN cap 
layer 9 after the growth of the active layer 7 is the N. 
atmosphere and does not contain H2, elimination of In from 
the active layer 7 is prevented, and the active layer 7 is 
prevented from deterioration. Additionally, the carrier gas 
atmosphere used for the growth of the p-type AlGaN/GaN 
Superlattice clad layer 18 and the p-type GaN contact layer 
12 is the mixed gas atmosphere containing N and H2, these 
p-type layers can be grown in a good crystalline quality. 

0296 FIG. 8 shows a result of measurement to know 
how the vertical beam divergent angle of the Semiconductor 
laser, i.e. its vertical radiation angle (0.1), changes with 
thickness of the undoped GaN optical guide layer 17. It is 
appreciated from FIG. 8 that the vertical radiation angle can 
be limited within 19-22 degrees by limiting the thickness of 
the undoped GaN optical guide layer 17 within 20-40 nm. 
AS compared to vertical radiation angles of conventional 
GaN Semiconductor lasers as large as 27-30 degrees, the 
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Vertical radiation angle of the Semiconductor laser according 
to this embodiment is much less. 

0297 According to the fifth embodiment, since the semi 
conductor laser is So configured that the active layer 7, 
undoped GaN optical guide layer 17, p-type AlGaN cap 
layer 9 and p-type AlGaN/GaN Superlattice clad layer 18 
Sequentially lie in contact and the undoped GaN optical 
guide layer 17 is as thin as 20-40 nm, it is possible to 
Significantly reduce the Vertical radiation angle of the GaN 
compound Semiconductor laser and thereby reduce the 
aspect ratio of the radiation angle (01/0D where 0D is the 
horizontal radiation angle). Moreover, Since the p-type 
AlGaN cap layer 9 is in contact with the p-type AlGaN/GaN 
Superlattice clad layer 18, Symmetry of the intensity distri 
bution of light in far-field images can be improved. This type 
of GaN compound Semiconductor laser is especially Suitable 
for use as the light Source of an optical disc device. 
0298 Additionally, since the undoped GaN optical guide 
layer 17 is grown in direct contact with the active layer 7, its 
crystalline quality is improved, and the lifetime of the GaN 
compound Semiconductor laser is elongated accordingly. 
0299 Furthermore, since the undoped GaN optical guide 
layer 17 is as thin as 20-40 nm, and its specific resistance 
is Smaller than that of a p-type GaN optical guide layer 
doped with Mg as its p-type impurity, Serial resistance of the 
GaN compound Semiconductor laser can be reduced, and its 
drive Voltage can be reduced accordingly. 

0300 Next explained is a GaN compound semiconductor 
laser according to the Sixth embodiment of the invention. 
FIG. 9 shows the GaN compound semiconductor laser 
according to the sixth embodiment. FIG. 10 is an energy 
band diagram of this GaN compound Semiconductor laser. 

0301 In the GaN compound semiconductor laser accord 
ing to the sixth embodiment, the undoped InCaN deterio 
ration preventing layer 8 is in contact with the active layer 
7; the undoped GaN optical guide layer 17 is in contact with 
the undoped InCaN deterioration preventing layer 8; the 
p-type AlGaN cap layer 9 is in contact with the undoped 
GaN optical guide layer 17; and the p-type AlGaN/GaN 
Superlattice clad layer 18 is in contact with the p-type AlGaN 
cap layer 9. Indium composition in the undoped InCaN 
deterioration preventing layer 8 is equal to that of the Second 
embodiment. In the other respects, the Structure of the laser 
shown here is identical to those of the GaN compound 
Semiconductor lasers according to the first and fifth embodi 
ments. So, its explanation is omitted here. 
0302) This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
Special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type undoped InGaN deterio 
ration preventing layer 8, at 850 C. for growth of the 
undoped GaN optical guide layer 17 and the p-type AlGaN 
cap layer 9, and at 1000 C. for growth of the p-type 
AlGaN/GaN Superlattice clad layer 18 and the p-type GaN 
contact layer 12. AS to carrier gas, a mixed gas atmosphere 
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containing N and H is used for growth of layers from the 
undoped GaN layer 3 to the n-type AlGaN clad layer 5, a N. 
atmosphere is used for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type AlGaN cap layer 9, and 
a mixed gas atmosphere containing N and H is used for 
growth of the p-type AlGaN/GaN Superlattice clad layer 18 
and the p-type GaN contact layer 12. In this case, Since the 
carrier gas atmosphere used for the growth up to the p-type 
AlGaN cap layer 9 after the growth of the active layer 7 is 
the N2 atmosphere and does not contain H2, elimination of 
In from the active layer 7 is prevented, and the active layer 
7 is prevented from deterioration. Additionally, the carrier 
gas atmosphere used for the growth of the p-type AlGaN/ 
GaN Superlattice clad layer 18 and the p-type GaN contact 
layer 12 is the mixed gas atmosphere containing N and H2, 
these p-type layers can be grown in a good crystalline 
quality. 10 According to the Sixth embodiment, Since the 
Semiconductor laser is So configured that the active layer 7, 
undoped InGaN deterioration preventing layer 8, undoped 
GaN optical guide layer 17, p-type AlGaN cap layer 9 and 
p-type AlGaN/GaN Superlattice clad layer 18 sequentially 
lie in contact and the undoped GaN optical guide layer 17 is 
as thin as 20-40 nm, the same advantages as those of the 
fifth embodiment can be obtained, and Simultaneously, Since 
the undoped InCaN deterioration preventing layer 8 is 
provided adjacent to the active layer 7, the same advantages 
as those of the first embodiment can be obtained as well. 

0303) Next explained is a GaN compound semiconductor 
laser according to the Seventh embodiment of the invention. 
FIG. 11 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0304. In the GaN compound semiconductor laser accord 
ing to the Seventh embodiment, the undoped GaN optical 
guide layer 17 is provided in contact with the active layer 7; 
the p-type AlGaN cap layer 9 is in contact with the undoped 
GaN optical guide layer 17; the p-type GaN optical guide 
layer 10 is in contact with the p-type AlGaN cap layer 9; and 
the p-type AlGaN/GaN Superlattice clad layer 18 is in 
contact with the p-type GaN optical guide layer 10. In the 
other respects, the Structure of the laser shown here is 
identical to those of the GaN compound semiconductor 
lasers according to the first and fifth embodiments. So, its 
explanation is omitted here. 
0305 This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
Special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type AlGaN cap layer 9, and 
at 1000 C. for growth of layers from the p-type GaN optical 
guide layer 10 to the p-type GaN contact layer 12. As to 
carrier gas, a mixed gas atmosphere containing N and H is 
used for growth of layers from the undoped GaN layer 3 to 
the n-type AlGaN clad layer 5, a N atmosphere is used for 
growth of layers from the n-type GaN optical guide layer 6 
to the p-type AlGaN cap layer 9, and a mixed gas atmo 
Sphere containing N and H2 is used for growth of layers 
from the p-type GaN optical guide layer 10 to the p-type 
GaN contact layer 12. In this case, Since the carrier gas 
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atmosphere used for the growth up to the p-type AlGaN cap 
layer 9 after the growth of the active layer 7 is the N. 
atmosphere and does not contain H2, elimination of In from 
the active layer 7 is prevented, and the active layer 7 is 
prevented from deterioration. Additionally, the carrier gas 
atmosphere used for the growth of the p-type GaN optical 
guide layer 10, p-type AlGaN/GaN Superlattice clad layer 18 
and p-type GaN contact layer 12 is the mixed gas atmo 
sphere containing N and H, these p-type layers can be 
grown in a good crystalline quality. 

0306 According to the seventh embodiment, since the 
Semiconductor laser is configured Such that the active layer 
7, undoped InCaN deterioration preventing layer 8, undoped 
GaN optical guide layer 17, p-type AlGaN cap layer 9 and 
p-type AlGaN/GaN Superlattice clad layer 18 sequentially 
lie in contact and the undoped GaN optical guide layer 17 is 
as thin as 20-40 nm, the same advantages as those of the 
fifth embodiment can be obtained. 

0307 Next explained is a GaN compound semiconductor 
laser according to the eighth embodiment of the invention. 
FIG. 12 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0308. In the GaN compound semiconductor laser accord 
ing to the eighth embodiment, the undoped InCaN deterio 
ration preventing layer 8 is in contact with the active layer 
7; the undoped GaN optical guide layer 17 is provided in 
contact with the undoped InGaN deterioration preventing 
layer 8; the p-type AlGaN cap layer 9 is in contact with the 
undoped GaN optical guide layer 17; the p-type GaN optical 
guide layer 10 is in contact with the p-type AlGaN cap layer 
9; and the p-type AlGaN/GaN Superlattice clad layer 18 is in 
contact with the p-type GaN optical guide layer 10. Indium 
composition in the undoped InGaN deterioration preventing 
layer 8 is equal to that of the second embodiment. In the 
other respects, the Structure of the laser shown here is 
identical to those of the GaN compound semiconductor 
lasers according to the first and fifth embodiments. So, its 
explanation is omitted here. 

0309 This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
Special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of the n-type GaN optical 
guide layer 6 and the active layer 7, at 860 C. for growth 
of layers from the undoped InCaN deterioration preventing 
layer 8 to the p-type AlGaN cap layer 9, and at 1000 C. for 
growth of layers from the p-type GaN optical guide layer 10 
to the p-type GaN contact layer 12. AS to carrier gas, a mixed 
gas atmosphere containing N and H2 is used for growth of 
layers from the undoped GaN layer 3 to the n-type AlGaN 
clad layer 5, a N2 atmosphere is used for growth of layers 
from the n-type GaN optical guide layer 6 to the p-type 
AlGaN cap layer 9, and a mixed gas atmosphere containing 
N and H is used for growth of layers from the p-type GaN 
optical guide layer 10 to the p-type GaN contact layer 12. In 
this case, Since the carrier gas atmosphere used for the 
growth up to the p-type AlGaN cap layer 9 after the growth 
of the active layer 7 is the N atmosphere and does not 
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contain H, elimination of In from the active layer 7 is 
prevented, and the active layer 7 is prevented from deterio 
ration. Additionally, the carrier gas atmosphere used for the 
growth of the p-type GaN optical guide layer 10, p-type 
AlGaN/GaN Superlattice clad layer 18 and p-type GaN 
contact layer 12 is the mixed gas atmosphere containing N. 
and H, these p-type layers can be grown in a good crys 
talline quality. 

0310. According to the eighth embodiment, since the 
Semiconductor laser is configured Such that the active layer 
7, undoped InCaN deterioration preventing layer 8, undoped 
GaN optical guide layer 17, p-type AlGaN cap layer 9, 
p-type GaN optical guide layer 10 and p-type AlGaN/GaN 
Superlattice clad layer 18 Sequentially lie in contact and the 
undoped GaN optical guide layer 17 is as thin as 20-40 nm, 
the same advantages as those of the fifth embodiment can be 
obtained. Additionally, since the undoped InCaN deteriora 
tion preventing layer is provided in contact with the active 
layer 7, the same advantages as those of the first embodi 
ment are obtained. 

0311 Next explained is a GaN compound semiconductor 
laser according to the ninth embodiment of the invention. 
FIG. 13 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0312. In the GaN compound semiconductor laser accord 
ing to the ninth embodiment, the undoped GaN optical guide 
layer 17 is in contact with the active layer 7; a p-type 
AlGaN/GaN Superlattice cap layer 19 is formed in contact 
with the undoped GaN optical guide layer 17; the p-type 
GaN optical guide layer 10 is in contact with the p-type 
AlGaN/GaN Superlattice cap layer 19; and the p-type 
AlGaN/GaN Superlattice clad layer 18 is in contact with the 
p-type GaN optical guide layer 10. The p-type AlGaN/GaN 
Superlattice cap layer 19 has a structure alternately Stacking 
undoped AlGaN layerS as barrier layers each having the 
thickness of 2.5 nm and Al composition of 12%, for 
example, and Mg-doped GaN layerS as well layers each 
having the thickness of 2.5 nm here again, for example, and 
the total thickness of the cap layer 19 is, for example, 100 
nm. In the other respects, the Structure of the laser shown 
here is identical to that of the GaN compound semiconductor 
laser according to the first embodiment. So, its explanation 
is omitted here. 

0313 This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
Special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type AlGaN/GaN Superlattice 
cap layer 19, and at 1000 C. for growth of layers from the 
p-type GaN optical guide layer 10 to the p-type GaN contact 
layer 12. AS to carrier gas, a mixed gas atmosphere con 
taining N and H is used for growth of layers from the 
undoped GaN layer 3 to the n-type AlGaN clad layer 5, a Na 
atmosphere is used for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type AlGaN cap layer 9, and 
a mixed gas atmosphere containing N and H is used for 
growth of layers from the p-type GaN optical guide layer 10 

Mar. 25, 2004 

to the p-type GaN contact layer 12. In this case, Since the 
carrier gas atmosphere used for the growth up to the p-type 
AlGaN/GaN Superlattice cap layer 19 after the growth of the 
active layer 7 is the N atmosphere and does not contain H, 
elimination of In from the active layer 7 is prevented, and the 
active layer 7 is prevented from deterioration. Additionally, 
the carrier gas atmosphere used for the growth of the p-type 
GaN optical guide layer 10, p-type AlGaN/GaN Superlattice 
clad layer 18 and the p-type GaN contact layer 12 is the 
mixed gas atmosphere containing N and H, these p-type 
layers can be grown in a good crystalline quality. 

0314. According to the ninth embodiment, since the 
Semiconductor laser is configured Such that the active layer 
7, undoped GaN optical guide layer 17, p-type AlGaN/GaN 
Superlattice cap layer 19, p-type GaN optical guide layer 10 
and p-type AlGaN/GaN Superlattice clad layer 18 and 
Sequentially lie in contact and the undoped GaN optical 
guide layer 17 is as thin as 20-40 nm, the same advantages 
as those of the fifth embodiment can be obtained. 

0315) Next explained is a GaN compound semiconductor 
laser according to the tenth embodiment of the invention. 
FIG. 14 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0316. In the GaN compound semiconductor laser accord 
ing to the tenth embodiment, the undoped InCaN deterio 
ration preventing layer 8 is in contact with the active layer 
7; the undoped GaN optical guide layer 17 is formed in 
contact with the undoped InGaN deterioration preventing 
layer 8; the p-type AlGaN/GaN Superlattice cap layer 19 is 
formed in contact with the undoped GaN optical guide layer 
17; the p-type GaN optical guide layer 10 is in contact with 
the p-type AlGaN/GaN Superlattice cap layer 19; and the 
p-type AlGaN/GaN Superlattice clad layer 18 is in contact 
with the p-type GaN optical guide layer 10. Indium com 
position in the undoped InGaN deterioration preventing 
layer 8 is equal to that of the second embodiment. In the 
other respects, the Structure of the laser shown here is 
identical to those of the GaN compound semiconductor 
lasers according to the first and fifth embodiments. So, its 
explanation is omitted here. 

0317. This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
Special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of layers from the n-type GaN 
optical guide layer 6 to the undoped InGaN deterioration 
preventing layer 8, at 870° C. for growth of the undoped 
GaN optical guide layer 17 and the p-type AlGaN/GaN 
Superlattice cap layer 19, and at 1000 C. for growth of 
layers from the p-type GaN optical guide layer 10 to the 
p-type GaN contact layer 12. AS to carrier gas, a mixed gas 
atmosphere containing N and H is used for growth of 
layers from the undoped GaN layer 3 to the n-type AlGaN 
clad layer 5, a N atmosphere is used for growth of layers 
from the n-type GaN optical guide layer 6 to the p-type 
AlGaN/GaN Superlattice cap layer 19, and a mixed gas 
atmosphere containing N and H2 is used for growth of 
layers from the p-type GaN optical guide layer 10 to the 
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p-type GaN contact layer 12. In this case, Since the carrier 
gas atmosphere used for the growth up to the p-type AlGaN/ 
GaN Superlattice cap layer 19 after the growth of the active 
layer 7 is the N atmosphere and does not contain H, 
elimination of In from the active layer 7 is prevented, and the 
active layer 7 is prevented from deterioration. Additionally, 
the carrier gas atmosphere used for the growth of the p-type 
GaN optical guide layer 10, p-type AlGaN/GaN Superlattice 
clad layer 18 and p-type GaN contact layer 12 is the mixed 
gas atmosphere containing N and H2, these p-type layers 
can be grown in a good crystalline quality. 

0318 According to the tenth embodiment, since the 
Semiconductor laser is configured Such that the active layer 
7, undoped InCaN deterioration preventing layer 8, undoped 
GaN optical guide layer 17, p-type AlGaN/GaN Superlattice 
cap layer 19, p-type GaN optical guide layer 10 and p-type 
AlGaN/GaN Superlattice clad layer 18 and sequentially lie in 
contact and the undoped GaN optical guide layer 17 is as 
thin as 20-40 nm, the same advantages as those of the fifth 
embodiment can be obtained. Additionally, Since the 
undoped InCaN deterioration preventing layer 8 is formed 
adjacent to the active layer 7, the same advantages as those 
of the first embodiment are obtained. 

03.19. Next explained is a GaN compound semiconductor 
laser according to the eleventh embodiment of the invention. 
FIG. 15 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0320 In the GaN compound semiconductor laser accord 
ing to the eleventh embodiment, the undoped GaN optical 
guide layer 17 is formed in contact with the active layer 7; 
the p-type AlGaN/GaN Superlattice cap layer 19 is formed in 
contact with the undoped GaN optical guide layer 17; and 
the p-type AlGaN/GaN Superlattice clad layer 18 is formed 
in contact with the p-type AlGaN/GaN Superlattice cap layer 
19. In the other respects, the structure of the laser shown 
here is identical to those of the GaN compound Semicon 
ductor lasers according to the first, fifth and ninth embodi 
ments. So, its explanation is omitted here. 

0321) This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
Special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type AlGaN/GaN Superlattice 
cap layer 19, and at 1000 C. for growth of layers from the 
p-type GaN optical guide layer 10 to the p-type GaN contact 
layer 12. AS to carrier gas, a mixed gas atmosphere con 
taining N and H is used for growth of layers from the 
undoped GaN layer 3 to the n-type AlGaN clad layer 5, a N. 
atmosphere is used for growth of layers from the n-type GaN 
optical guide layer 6 to the p-type AlGaN/GaN Superlattice 
cap layer 19, and a mixed gas atmosphere containing N and 
He is used for growth of layers from the p-type GaN optical 
guide layer 10 to the p-type GaN contact layer 12. In this 
case, Since the carrier gas atmosphere used for the growth up 
to the p-type AlGaN/GaN Superlattice cap layer 19 after the 
growth of the active layer 7 is the N atmosphere and does 
not contain H, elimination of In from the active layer 7 is 
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prevented, and the active layer 7 is prevented from deterio 
ration. Additionally, the carrier gas atmosphere used for the 
growth of the p-type AlGaN/GaN Superlattice clad layer 18 
and the p-type GaN contact layer 12 is the mixed gas 
atmosphere containing N and H2, these p-type layerS can be 
grown in a good crystalline quality. 

0322. According to the eleventh embodiment, since the 
Semiconductor laser is configured Such that the active layer 
7, undoped GaN optical guide layer 17, p-type AlGaN/GaN 
Superlattice cap layer 19 and p-type AlGaN/GaN Superlattice 
clad layer 18 Sequentially lie in contact and the undoped 
GaN optical guide layer 17 is as thin as 20-40 nm, the same 
advantages as those of the fifth embodiment can be obtained. 
0323) Next explained is a GaN compound semiconductor 
laser according to the twelfth embodiment of the invention. 
FIG. 16 is an energy band diagram of this GaN compound 
Semiconductor laser. 

0324. In the GaN compound semiconductor laser accord 
ing to the twelfth embodiment, the undoped InCaN deterio 
ration preventing layer 8 is formed in contact with the active 
layer 7; the undoped GaN optical guide layer 17 is formed 
in contact with the undoped InGaN deterioration preventing 
layer 8; the p-type AlGaN/GaN Superlattice cap layer 19 is 
formed in contact with the undoped GaN optical guide layer 
17; and the p-type AlGaN/GaN Superlattice clad layer 18 is 
formed in contact with the p-type AlGaN/GaN Superlattice 
cap layer 19. Indium composition in the undoped GaN 
optical guide layer 17 is equal to that of the Second embodi 
ment. In the other respects, the structure of the laser shown 
here is identical to those of the GaN compound Semicon 
ductor lasers according to the first, fifth and ninth embodi 
ments. So, its explanation is omitted here. 

0325 This GaN compound semiconductor laser can be 
manufactured by essentially the same method as that of the 
GaN compound Semiconductor laser according to the first 
embodiment. In this embodiment, however, the following 
Special conditions are used for growth temperature and 
carrier gas when growing individual layers. For example, 
growth temperature is set at 1000 C. for growth of layers 
from the undoped GaN layer 3 to the n-type AlGaN clad 
layer 5, at 800° C. for growth of layers from the n-type GaN 
optical guide layer 6 to the undoped GaN deterioration 
preventing layer 8, at 880 C. for growth of the undoped 
GaN optical guide layer 17 and the p-type AlGaN/GaN 
Superlattice cap layer 19, and at 1000 C. for growth of 
layers from the p-type GaN optical guide layer 10 to the 
p-type GaN contact layer 12. AS to carrier gas, a mixed gas 
atmosphere containing N and H2 is used for growth of 
layers from the undoped GaN layer 3 to the n-type AlGaN 
clad layer 5, a N2 atmosphere is used for growth of layers 
from the n-type GaN optical guide layer 6 to the undoped 
GaN deterioration preventing layer 8, and a mixed gas 
atmosphere containing N and H2 is used for growth of the 
p-type AlGaN/GaN Superlattice clad layer 18 and the p-type 
GaN contact layer 12. In this case, Since the carrier gas 
atmosphere used for the growth up to the p-type AlGaN/ 
GaN Superlattice cap layer 19 after the growth of the active 
layer 7 is the N atmosphere and does not contain H, 
elimination of In from the active layer 7 is prevented, and the 
active layer 7 is prevented from deterioration. Additionally, 
the carrier gas atmosphere used for the growth of the p-type 
AlGaN/GaN Superlattice clad layer 18 and the p-type GaN 



US 2004/0056259 A1 

contact layer 12 is the mixed gas atmosphere containing N2 
and H, these p-type layers can be grown in a good crys 
talline quality. 
0326. According to the twelfth embodiment, since the 
Semiconductor laser is configured Such that the active layer 
7, undoped GaN deterioration preventing layer 8, undoped 
GaN optical guide layer 17, p-type AlGaN/GaN Superlattice 
cap layer 19 and p-type AlGaN/GaN Superlattice clad layer 
18 sequentially lie in contact and the undoped GaN optical 
guide layer 17 is as thin as 20-40 nm, the same advantages 
as those of the fifth embodiment can be obtained. Addition 
ally, Since the undoped InGaN deterioration preventing layer 
8 is provided adjacent to the active layer, the same advan 
tages as those of the first embodiment are obtained. 
0327 Heretofore, embodiments of the invention have 
been explained specifically. However, the invention is not 
limited to those embodiments but contemplates various 
changes and modifications based on the technical concept of 
the invention. 

0328. For example, numerical values, structures, Sub 
Strates, Source materials, processes, and the like, Specifically 
indicated in conjunction with the first to twelfth embodi 
ments are not but examples, and any appropriate numerical 
values, Structures, Substrates, Source materials, processes, 
etc. may be used. 
0329 More specifically, for example, although the first to 
twelfth embodiments have been explained as first depositing 
n-type layers of the laser Structure on the Substrate and 
thereafter depositing p-type layers. However, the order of 
deposition may be opposite to first deposit p-type layerS on 
the Substrate and thereafter deposit n-type layers. 

0330. Further, the first to twelfth embodiments use the 
c-plane Sapphire Substrate, but a SiC Substrate, Si Substrate 
or spinel Substrate, for example, may be used instead, where 
appropriate. Furthermore, an AlN buffer layer or AlGaN 
buffer layer may be used instead of the GaN buffer layer. 

0331. The first to twelfth embodiments have been 
explained as applying the invention to the manufacture of a 
GaN compound semiconductor laser of a SCH structure. 
Instead, the invention is applicable to the manufacture of a 
GaN compound semiconductor laser of a DH structure 
(double heterostructure), for example, or to the manufacture 
of a GaN compound light emitting diode, or further to an 
electron transporting device using nitride III-V compound 
semiconductors, such as GAN compound FET, GaN com 
pound heterojunction bipolar transistor (HBT), for example. 
0332 The first and second embodiments have been 
explained as using H2 gas as the carrier gas for growth by 
MOCVD. However, any other appropriate gas such as a 
mixed gas of H2 and N2, or with He or Argas. 
0333 AS described above, according to the invention, 
Since an intermediate layer of a Second nitride III-V com 
pound Semiconductor containing In and Ga but different 
from a first nitride III-V compound semiconductor is pro 
vided in contact with an active layer of the first nitride III-V 
compound Semiconductor containing In and Ga or a layer of 
the first nitride III-V compound semiconductor, the inter 
mediate layer Significantly alleviates the StreSS produced in 
the active layer or the layer of the first nitride III-V com 
pound Semiconductor by a cap layer, or the like, or effec 
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tively prevents diffusion of Mg used as a p-type dopant of 
p-type layers into the active layer or the layer of nitride III-V 
compound Semiconductor. Thereby, the invention can real 
ize a Semiconductor device using nitride III-V compound 
Semiconductors, which is Sufficiently reduced in initial dete 
rioration rate, elongated in lifetime, remarkably reduced in 
change of the operation current with time, and remarkably 
reduced in emission unevenness. Such a Semiconductor 
device, which may be a Semiconductor light emitting device, 
can be manufactured easily by the manufacturing method 
according to the invention. 
0334 Additionally, by optimizing the position of the cap 
layer, the optical guide layer or the first optical guide layer 
can be grown in a good crystalline quality as compared with 
a structure locating the cap layer adjacent to the active layer 
with or without interposing the intermediate layer, or the 
optical guide layer or the first optical guide layer can be 
optimized in thickness. Therefore, it is possible to realize a 
semiconductor light emitting device made of nitride III-V 
compound Semiconductors, which is elongated in life, 
enhanced in Symmetry of intensity distribution of light in 
far-field images especially in case of a Semiconductor laser 
and improved in aspect ratio of the radiation angle, or a 
semiconductor device made of nitride III-V compound semi 
conductors, which is elongated in lifetime. Such a Semicon 
ductor light emitting device or Semiconductor device can be 
manufactured easily by the manufacturing method accord 
ing to the invention. 

1-145. Cancelled. 
146. A Semiconductor light emitting device comprising: 
an active layer made of a first nitride III-V compound 

Semiconductor containing In and Ga; 
an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconduc 
tor containing. In and Ga and different from the first 
nitride III-V compound semiconductor; 

a cap layer in contact with the intermediate layer and 
made of a third nitride III-V compound semiconductor 
containing Al and Ga.; and 

a p-type clad layer on the cap layer. 
147. The Semiconductor light emitting device according 

to claim 146 wherein the second nitride III-V compound 
Semiconductor composing the intermediate layer is In Ga 
xN (where 0s x<1). 

148. The Semiconductor light emitting device according 
to claim 146 wherein the third nitride III-V compound 
semiconductor composing the cap layer is AlGa-N 
(where 0sy<1). 

149. The Semiconductor light emitting device according 
to claim 146 further comprising a p-type layer of a fourth 
nitride III-V compound Semiconductor containing Ga in 
contact with the cap layer. 

150. The semiconductor light emitting device according 
to claim 149 wherein the fourth nitride III-V compound 
Semiconductor composing Said p-type layer is GaN. 

151. The Semiconductor light emitting device according 
to claim 149 wherein the fourth nitride III-V compound 
Semiconductor composing Said p-type layer is InGaN 
(where 0s Z-1). 

152. The Semiconductor light emitting device according 
to claim 146 wherein the active layer has a multi-quantum 
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well Structure including well layers and barrier layers, and 
composition of In in the intermediate layer is equal to or 
Smaller than composition of In in the barrier layers. 

153. The Semiconductor light emitting device according 
to claim 146 wherein composition of In in the second nitride 
III-V compound Semiconductor composing the intermediate 
layer decreases toward a portion thereof remotest from the 
active layer. 

154. The Semiconductor light emitting device according 
to claim 146 wherein quantity of In contained in the inter 
mediate layer is equal to or less than 5x10' cm. 

155. The semiconductor light emitting device according 
to claim 1 wherein thickness of the intermediate layer is 
equal to or more than 8 nm. 

156. The Semiconductor light emitting device according 
to claim 146 wherein quantity of In contained in Said p-type 
layer is not less than 1x10'7 cm and not more than 5x10' 
cm. 

157. The semiconductor light emitting device according 
to claim 146 wherein Said p-type layer is an optical guide 
layer. 

158. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a cap layer in contact with the 
intermediate layer and made of a third nitride III-V com 
pound Semiconductor containing Al and Ga; and a p-type 
clad layer on the cap layer, comprising: 

growing the intermediate layer while raising the growth 
temperature after growing the active layer. 

159. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein the growth 
temperature upon completion of the growth of the interme 
diate layer is equal to the growth temperature of the cap 
layer. 

160. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein the Second 
nitride III-V compound Semiconductor composing the inter 
mediate layer is In GaN (where 0s x<1). 

161. The manufacturing method of a Semiconductor light 
emitting device according to claim 158 wherein the third 
nitride III-V compound Semiconductor composing the cap 
layer is AlGaN (where 0sy<1). 

162. The manufacturing method of a Semiconductor light 
emitting device according to claim 158 wherein the Semi 
conductor light emitting device further includes a p-type 
layer of a fourth nitride III-V compound semiconductor 
containing Ga in contact with the cap layer. 

163. The manufacturing method of a semiconductor light 
emitting device according to claim 162 wherein the fourth 
nitride III-V compound Semiconductor composing Said 
p-type layer is GaN. 

164. The manufacturing method of a Semiconductor light 
emitting device according to claim 162 wherein the fourth 
nitride III-V compound Semiconductor composing Said 
p-type layer is InGaN (where 0s Z-1). 

165. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein the active 
layer has a multi-quantum well Structure including well 

22 
Mar. 25, 2004 

layerS and barrier layers, and composition of In in the 
intermediate layer is equal to or Smaller than composition of 
In in the barrier layers. 

166. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein composition 
of In in the second nitride III-V compound semiconductor 
composing the intermediate layer decreases toward a portion 
thereof remotest from the active layer. 

167. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein quantity of 
In contained in the intermediate layer is equal to or less than 
5x10 cm. 

168. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein thickness of 
the intermediate layer is equal to or more than 8 nm. 

169. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein quantity of 
In contained in said p-type layer is not less than 1x10'7 cm 
and not more than 5x10' cm. 

170. The manufacturing method of a semiconductor light 
emitting device according to claim 158 wherein Said p-type 
layer is an optical guide layer. 

171. A Semiconductor light emitting device comprising: 
an active layer made of a first nitride III-V compound 

Semiconductor containing In and Ga; 
an optical guide layer in contact with the active layer and 
made of a sixth nitride III-V compound semiconductor 
containing Ga; 

a cap layer in contact with the intermediate layer and 
made of a third nitride III-V compound semiconductor 
containing Al and Ga.; and 

a p-type clad layer in contact with the cap layer and made 
of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third 
nitride III-V compound semiconductor. 

172. The Semiconductor light emitting device according 
to claim 171 wherein the cap layer has a band gap larger than 
that of the p-type clad layer. 

173. The Semiconductor light emitting device according 
to claim 171 wherein the third nitride III-V compound 
semiconductor composing the cap layer is AlGai-N 
(where 0sy<1). 

174. The Semiconductor light emitting device according 
to claim 171 wherein thickness of the cap layer is equal to 
or more than 2 nm. 

175. The semiconductor light emitting device according 
to claim 171 wherein the optical guide layer is undoped. 

176. The Semiconductor light emitting device according 
to claim 171 wherein thickness of the optical guide layer is 
equal to or more than 8 nm. 

177. A Semiconductor light emitting device comprising: an 
active layer made of a first nitride III-V compound 

Semiconductor containing In and Ga; 
an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconduc 
tor containing. In and Ga and different from the first 
nitride III-V compound semiconductor; 

an optical guide layer in contact with the intermediate 
layer and made of a sixth nitride III-V compound 
Semiconductor containing Ga; 
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a cap layer in contact with the optical guide layer and 
made of a third nitride III-V compound semiconductor 
containing Al and Ga.; and 

a p-type clad layer in contact with the cap layer and made 
of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third 
nitride III-V compound semiconductor. 

178. The semiconductor light emitting device according 
to claim 177 wherein the cap layer has a band gap larger than 
that of the p-type clad layer. 

179. The semiconductor light emitting device according 
to claim 177 wherein the second nitride III-V compound 
Semiconductor composing the intermediate layer is In Ga 
xN (where 0s x<1). 

180. The semiconductor light emitting device according 
to claim 177 wherein the third nitride III-V compound 
semiconductor composing the cap layer is AlGai-N 
(where 0sy<1). 

181. The Semiconductor light emitting device according 
to claim 177 wherein thickness of the cap layer is equal to 
or more than 2 nm. 

182. The Semiconductor light emitting device according 
to claim 177 wherein the optical guide layer is undoped. 

183. The Semiconductor light emitting device according 
to claim 177 wherein thickness of the optical guide layer is 
equal to or more than 8 nm. 

184. A manufacturing method of a Semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and made of a third nitride III-V compound semicon 
ductor containing Al and Ga.; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

growing the active layer, the optical guide layer and the 
cap layer in a carrier gas atmosphere containing Sub 
Stantially no hydrogen and containing nitrogen as the 
major component thereof, and 

growing the p-type clad layer in a carrier gas atmosphere 
containing nitrogen and hydrogen as major components 
thereof. 

185. The manufacturing method of a semiconductor light 
emitting device according to claim 184 wherein the carrier 
gas atmosphere containing Substantially no hydrogen and 
containing nitrogen as the major component thereof is a Na 
gas atmosphere. 

186. The manufacturing method of a semiconductor light 
emitting device according to claim 184 wherein the carrier 
gas atmosphere containing nitrogen and hydrogen as major 
components thereof is a mixed gas atmosphere of N and H. 

187. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and made of a third nitride III-V compound semicon 
ductor containing Al and Ga.; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
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III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

growing the active layer, the optical guide layer and the 
cap layer at a growth temperature lower than the 
growth temperature of the p-type clad layer. 

188. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; an optical guide layer in contact 
with the intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the optical guide layer and made of a third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type clad layer in contact with the cap layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

growing the active layer, the intermediate layer, the opti 
cal guide layer and the cap layer in a carrier gas 
atmosphere containing Substantially no hydrogen and 
containing nitrogen as the major component thereof; 
and 

growing the p-type clad layer in a carrier gas atmosphere 
containing nitrogen and hydrogen as major components 
thereof. 

189. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; an optical guide layer in contact 
with the intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the optical guide layer and made of a third 
nitride III-V compound Semiconductor containing Al and 
Ga.; and a p-type clad layer in contact with the cap layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

growing the active layer, the intermediate layer, the opti 
cal guide layer and the cap layer at a growth tempera 
ture lower than the growth temperature of the p-type 
clad layer. 

190. The manufacturing method of a semiconductor light 
emitting device according to claim 189 wherein the active 
layer and the intermediate layer are grown at a growth 
temperature lower than the growth temperature of the optical 
guide layer and the cap layer. 

191. A manufacturing method of a Semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
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III-V compound Semiconductor containing Ga; and a p-type 
clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

growing the active layer, the first optical guide layer and 
the cap layer in a carrier gas atmosphere containing 
Substantially no hydrogen and containing nitrogen as 
the major component thereof; and 

growing the Second optical guide layer and the p-type clad 
layer in a carrier gas atmosphere containing nitrogen 
and hydrogen as major components thereof. 

192. A manufacturing method of a Semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and made of a third nitride III-V compound 
Semiconductor containing Al and Ga; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
III-V compound Semiconductor containing Ga; and a p-type 
clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

growing the active layer, the first optical guide layer and 
the cap layer at a growth temperature lower than the 
growth temperature of the Second optical guide layer 
and the p-type clad layer. 

193. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and made 
of a third nitride III-V compound Semiconductor containing 
Al and Ga.; a Second optical guide layer in contact with the 
cap layer and made of a ninth nitride III-V compound 
Semiconductor containing Ga.; and a p-type clad layer in 
contact with the Second optical guide layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

growing the active layer, the intermediate layer, the first 
optical guide layer and the cap layer in a carrier gas 
atmosphere containing Substantially no hydrogen and 
containing nitrogen as the major component thereof; 
and 

growing the Second optical guide layer and the p-type clad 
layer in a carrier gas atmosphere containing nitrogen 
and hydrogen as major components thereof. 

194. A manufacturing method of a Semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
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compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and made 
of a third nitride III-V compound Semiconductor containing 
Al and Ga.; a Second optical guide layer in contact with the 
cap layer and made of a ninth nitride III-V compound 
Semiconductor containing Ga.; and a p-type clad layer in 
contact with the Second optical guide layer and made of a 
Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

growing the active layer, the intermediate layer, the first 
optical guide layer and the cap layer at a growth 
temperature lower than the growth temperature of the 
Second optical guide layer and the p-type clad layer. 

195. The manufacturing method of a semiconductor light 
emitting device according to claim 194 wherein the active 
layer is grown at a growth temperature lower than that of the 
intermediate layer, the first optical guide layer and the cap 
layer. 

196. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and having a Superlattice Structure in which 
barrier layers are made of a third nitride III-V compound 
Semiconductor containing Al and Ga.; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
III-V compound Semiconductor containing Ga.; and a p-type 
clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

growing the active layer, the first optical guide layer and 
the cap layer in a carrier gas atmosphere containing 
Substantially no hydrogen and containing nitrogen as 
the major component thereof, and 

growing the Second optical guide layer and the p-type clad 
layer in a carrier gas atmosphere containing nitrogen 
and hydrogen as major components thereof. 

197. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; a first optical guide layer in contact with the active layer 
and made of an eighth nitride III-V compound Semiconduc 
tor containing Ga.; a cap layer in contact with the first optical 
guide layer and having a Superlattice Structure in which 
barrier layers are made of a third nitride III-V compound 
Semiconductor containing Al and Ga; a Second optical guide 
layer in contact with the cap layer and made of a ninth nitride 
III-V compound Semiconductor containing Ga.; and a p-type 
clad layer in contact with the Second optical guide layer and 
made of a seventh nitride III-V compound semiconductor 
containing Al and Ga and different from the third nitride 
III-V compound Semiconductor, comprising: 

growing the active layer, the first optical guide layer and 
the cap layer at a growth temperature lower than the 
growth temperature of the Second optical guide layer 
and the p-type clad layer. 
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198. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and having 
a Superlattice Structure in which barrier layers are made of 
a third nitride III-V compound Semiconductor containing Al 
and Ga.; a Second optical guide layer in contact with the cap 
layer and made of a ninth nitride III-V compound Semicon 
ductor containing Ga; and a p-type clad layer in contact with 
the Second optical guide layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

growing the active layer, the intermediate layer, the first 
optical guide layer and the cap layer in a carrier gas 
atmosphere containing Substantially no hydrogen and 
containing nitrogen as the major component thereof; 
and 

growing the Second optical guide layer and the p-type clad 
layer in a carrier gas atmosphere containing nitrogen 
and hydrogen as major components thereof. 

199. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; a first optical guide layer in 
contact with the intermediate layer and made of an eighth 
nitride III-V compound Semiconductor containing Ga.; a cap 
layer in contact with the first optical guide layer and having 
a Superlattice Structure in which barrier layers are made of 
a third nitride III-V compound Semiconductor containing Al 
and Ga.; a Second optical guide layer in contact with the cap 
layer and made of a ninth nitride III-V compound Semicon 
ductor containing Ga; and a p-type clad layer in contact with 
the Second optical guide layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

growing the active layer, the intermediate layer, the first 
optical guide layer and the cap layer at a growth 
temperature lower than the growth temperature of the 
Second optical guide layer and the p-type clad layer. 

200. The manufacturing method of a semiconductor light 
emitting device according to claim 54 wherein the active 
layer and the intermediate layer are grown at a growth 
temperature lower than that of the first optical guide layer 
and the cap layer. 

201. A manufacturing method of a Semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and having a Superlattice Structure in which barrier 
layers are made of a third nitride III-V compound semicon 
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ductor containing Al and Ga; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

growing the active layer, the optical guide layer and the 
cap layer in a carrier gas atmosphere containing Sub 
Stantially no hydrogen and containing nitrogen as the 
major component thereof, and 

growing the p-type clad layer in a carrier gas atmosphere 
containing nitrogen and hydrogen as major components 
thereof. 

202. A manufacturing method of a Semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an optical guide layer in contact with the active layer 
and made of a sixth nitride III-V compound semiconductor 
containing Ga.; a cap layer in contact with the optical guide 
layer and having a Superlattice Structure in which barrier 
layers are made of a third nitride III-V compound semicon 
ductor containing Al and Ga; and a p-type clad layer in 
contact with the cap layer and made of a Seventh nitride 
III-V compound Semiconductor containing Al and Ga and 
different from the third nitride III-V compound semicon 
ductor, comprising: 

growing the active layer, the optical guide layer and the 
cap layer at a growth temperature lower than the 
growth temperature of the p-type clad layer. 

203. A manufacturing method of a semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; an optical guide layer in contact 
with the intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the optical guide layer and having a Superlattice 
structure in which barrier layers are made of the third nitride 
III-V compound Semiconductor containing Al and Ga.; and a 
p-type clad layer in contact with the cap layer and made of 
a Seventh nitride III-V compound Semiconductor containing 
Al and Ga and different from the third nitride III-V com 
pound Semiconductor, comprising: 

growing the active layer, the intermediate layer, the opti 
cal guide layer and the cap layer in a carrier gas 
atmosphere containing Substantially no hydrogen and 
containing nitrogen as the major component thereof; 
and 

growing the p-type clad layer in a carrier gas atmosphere 
containing nitrogen and hydrogen as major components 
thereof. 

204. A manufacturing method of a Semiconductor light 
emitting device including an active layer made of a first 
nitride III-V compound Semiconductor containing In and 
Ga.; an intermediate layer in contact with the active layer and 
made of a Second nitride III-V compound Semiconductor 
containing. In and Ga and different from the first nitride III-V 
compound Semiconductor; an optical guide layer in contact 
with the intermediate layer and made of a sixth nitride III-V 
compound Semiconductor containing Ga.; a cap layer in 
contact with the optical guide layer and having a Superlattice 
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structure in which barrier layers are made of the third nitride ture lower than the growth temperature of the p-type 
III-V compound Semiconductor containing Al and Ga.; and a clad layer. 
p-type clad layer in contact with the cap layer and made of 205. The manufacturing method of a semiconductor light 
a Seventh nitride III-V compound Semiconductor containing emitting device according to claim 204 wherein the active 
Al and Ga and different from the third nitride III-V com- layer and the intermediate layer are grown at a growth 
pound Semiconductor, comprising: temperature lower than that of the first guide layer and the 

cap layer. growing the active layer, the intermediate layer, the opti 
cal guide layer and the cap layer at a growth tempera- k . . . . 


